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The Natural Hard Resins—Their Botany, 


Sources and Utilization ' 


Accroides, Congo, damar, boea, elemi, kauri, mastic and 
other commercially valuable resins are exudations of a 
variety of trees and shrubs in many parts of the world. 
Their industrial applications range from adhesives and 
incense through inks and oilcloth to textile sizing and 
wax compositions. 


C. L. MANTELL 


Consulting Chemical Engineer 
157 Washington St., New York 13, N. Y. 


Terminology 


The term “natural resins” refers to 
the exudations of trees of many genera 
and species, exudations which may be 
those of living trees, such as damar, or 
may be the fossilized products of trees 
long dead, such as Congo and kauri. In 
the trade which deals with these prod- 
ucts, the natural resins are usually re- 
ferred to as “ gums”, an application of 
this latter term which is unfortunate be- 
cause there are other exudations from 
trees which differ from resins in many 
respects and which are properly referred 
to as “gums”. These latter products 
have been extensively discussed by the 
present author in Economic Borany, 3: 
3-31, 1949, where the difference be- 
tween the two classes of products was 
explained in considerable detail. To re- 
peat, as seems suitable here, gums are 
chemically related to sugars and other 
carbohydrates, whereas resins are not. 


Gums are soluble in water, forming vis- 
cous solutions, and are insoluble in dry- 
ing oils and organic solvents. On heat- 
ing, they decompose completely without 
melting, usually showing charring. In 
contradistinction, resins are related to the 
terpenes, or essential oils, and are insolu- 
ble in water but more or less soluble in 
vegetable oils and organic solvents, sueh 
as alcohols, ether and carbon bisulphide. 
When heated, resins melt with progres- 
sive distillation of volatile oils as the 
temperature increases. They do not 
show a carbonizing point, nor do they 
produce coke when destructively dis- 
tilled. By thermal processing, hard resins 
may be converted into “run gum”, or 
resin which is soluble in hot vegetable 
oils, the resulting combination being a 
varish. Some of the softer hard resins 
are directly soluble in solvents or oils, 
but in all cases are totally insoluble in 
water. 


1 This article is abstracted from and contains excerpts of sections in “ The Technology of 


Natural Resins”, 506 pages, by C. L. 


Mantell, C. W. Kopf, J. L. Curtis and E. M. Rogers, 


published by John Wiley & Sons, 1942, supplemented with considerable botanical information 


and a few excerpts from 


“Vegetable Gums and Resins”, 188 pages, by F. N. Howes, published 


by Chronica Botanica Company, 1949. These two excellent volumes supplement one another 


and in company with “The Water-Soluble Gums 


” 279 pages, by C. L. Mantell, published by 


Reinhold Publishing Corp., 1947, provide a very fine coverage of gums and resins. [Ed.] 
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Relation of Resins to the Trees That 
Produce Them 


All natural resins, except those which 
are insect exudations, are of vegetable 
origin, being widely distributed in the 
plant kingdom and present in almost 
any organ of the plants. They may or 
may not be excreted naturally, never in 
great amount. Natural wounding stimu- 
lates their production, and tapping is 
usually necessary to produce the same 
effect in order to obtain commercially 
worthwhile amounts. Such quantitative 
production is possible from only a rela- 
tively few of all the many kinds of 
plants known to produce resins. 

Resins are formed in internal living 
cells and are secreted by them into cavi- 
ties or canals which they surround. 
These canals in many cases are much 
branched or of an anastomosing nature 
so that resin flows upon wounding from 
a considerable distance. The role of 
resins in the lives of the trees that pro- 
duce them is not understood, if there is 
any such role other than that of hinder- 
ing desiccation of injured tissue and pre- 
venting decay. 


Chemistry and Physical Properties 


The chemical composition of natural 
resins is exceedingly complicated, and it 
suffices here to state only that they con- 
sist of combinations of a great variety 
of organic acids with alcohols, essential 
oils and other compounds known as 
“resenes”’. Their content of free acid 
is very variable and has much to do with 
the specific uses to which they can be 
applied. More important in their appli- 
vations are their physical characteristics. 
These include their refractive indices, 
melting points, specific gravity, acid 
number, saponification number, iodine 
number, and, perhaps most important of 
all, their solubilities in the 100 or more 
complex organic solvents in which they 
may be converted into useful products. 
Consideration must be given also to 
their hardness. their color and the effect 
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of temperature and contact with metals 
upon it, their reactivity toward basic 
pigments and their compatibility with 
other materials with which it may be 
desirable to combine them. Some of 
them, including amber and several of the 
copals, are extremely hard and brittle; 
others, as the elemis, may be so soft as 
to be easily molded in one’s fingers. In 
color, resins range from colorless or 
water-white through various shades of 
amber and brown to pink. Most of 
them are transparent, but a few are 
opaque. All these factors come under 
the heading of resin technology and are 
far beyond the limits of this article for 
further discussion. They are greatly 
amplified in the author’s volume, “ The 
Technology of Natural Resins ”. 


Processing 


Some resinous materials require only 
cleaning, sorting and purification after 
collection before they can be utilized; 
others need processing. Purification 
methods have been extensively devel- 
oped and may be divided into those 
dependent on dry mechanical means, 
on solvent extraction and on solution 
methods involving settling, dewaxing, 
clarifying and bleaching agents, and de- 
colorizing. Processing involves either 
thermal treatment or chemical modifica- 
tion. Thermal treatment consists of 
heating certain resins to about 600° F. 
for varying periods of time in order to 
render them oil-soluble. In general, 
thermal processing is a tool enabling the 
varnish maker to impart a wide range 
of properties to resinous materials so 
that they may meet special require- 
ments. Chemical modification, also for 
the purpose of changing the properties of 
the resins, involves esterification, acety- 
lation and chlorination. 


Botanical and Geographical 
Sources 


Unlike the names of most drugs and 
vegetable oils, those of resins can not 
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always be confidently associated with 
particular species of plants. Drugs and 
oils, in many cases at least, were named 
from the plants that produce them be- 
cause those plants were known and 
named before their products were. In 
the case of resins, however, all of them 
were in trade before many of their bo- 
tanical sources were fully identified, and 
they received names having no relation 
to the trees that produced them. Further- 
more, the resins, as they have entered 
commerce, have not always represented 
collections from any one kind of tree, 
but in many instances have been mix- 
tures of resins from a variety of trees 
collected by ignorant natives in very un- 
developed parts of the world. And of 
course the problem of naming fossil 
resins buried in the ground perhaps for 
centuries with their sources long since 
dead and decayed, is obvious. Conse- 
quently it has been difficult in many 
cases to identify some resins in world 
trade with particular species of plants. 
A great deal, nevertheless, is known 
about their botany, details of which are 
presented later in this article and a gen- 
eralization of which, lifted from Howes’ 
volume, is as follows: 

“The families notable for resin pro- 
duction occur more or less scattered over 
the whole range of flowering plants, di- 
cotyledons and monocotyledons alike, 
and of course the conifers. They do not 
belong to any particular group of fami- 
lies, but seem in the main to be absent 
from those families that are classed as 
the higher Polypetalae and which in- 
clude such families as the Labiatae, 
Scrophulariaceae and Verbenaceae ” 

“The three most important families 
for the bulk production of natural resins 
for commercial purposes are the Pina- 
ceae, Leguminosae and Dipterocarpa- 
ceae. The first mentioned includes the 
pines vielding colophony (rosin and tur- 
pentine). The Leguminosae include the 
copals from various parts of the world 
belonging to such genera as Copaifera, 
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Trachylobium, Hymenaea and Daniella. 
The Dipterocarpaceae include the dam- 
mars from tropical Asia and the Pacific 
region derived from species of Hopea, 
Shorea, Balanocarpus, Pentacme and 
other genera. The family Burseraceae 
is notable as a resin- or balsam-yielding 
family and the source of soft resins of 
the elemi type (Canariuwm and Protium) 
and of aromatic resins such as frankin- 
cense (Boswellia) and myrrh (Com- 
miphora). Another family well noted 
for scented and medicinal resins is the 
Umbelliferae with such products as asa- 
foetida and galbanum (Ferula), ammo- 
niacum (Dorema) and opopanax (Com- 
miphora and Opopanax) ”’. 

The geographic sources include the 
Congo district of Africa and adjoining 
territory, as indicated in the names of 
the resins from those areas; New Zea- 
land, which produces kauri; Indonesia, 
particularly Java, which furnishes damar, 
and Celebes, which yields the Manilas; 
and the Philippine Islands, which supply 
Manila and elemi. 


Trade 


The collecting, grading, sorting, dis- 
tributing, preparation for market, ware- 
housing and commerce of natural resins 
is a coordinated and systematic business, 
worldwide in its ramifications. The busi- 
ness is as old as the varnish art, for 
which it supplies some of the necessary 
raw material. In its early stages it was 
conducted with much secreey and con- 
fusion of names, and generally with an 
aura of mystery. The collectors of resin 
knew that there was a demand for the 
product but had little if any knowledge 
as to the required specifications or the 
actual applications. The distributors in 
turn seldom knew much about the opera- 
tions of their customers, so that the dis- 
tributors served only as traders who 
were unable to provide information 
about their products to further the use 
thereof. Designations which hid the 
identity of a resin, or else a multiplicity 
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of names for the same article, coupled 
with sorting of resins to satisfy indi- 
vidual indiosynerasies of purchasers, 
added to the confusion. Such, however, 
is now a matter of the past. 

Resins are today exported from their 
countries of origin and imported into the 
United States in various kinds of con- 
tainers, such as boxes, bags or baskets. 
Trade practice has standardized the re- 
ceptacles. In the commercial grades, the 
term “ bold” refers to the size of pieces, 
that is, they are large and clean. “ Nubs”’ 
are smaller, two to four centimeters in 
their largest dimension. ‘“ Chips” and 
“dust” are primarily size classifications, 
and decreasing size usually carries with 
it increasing amounts of impurities. 
These may be bark, twigs or sand mixed 
with the resin when it formed on the 
trees or when it fossilized in the ground. 
The term “scraped” has reference to a 
cleaning operation which removes sur- 
face coatings, crusty materials or oxi- 
dized resins, while the term “ unscraped ” 
indicates that this step in grading has 
not taken place. 


Classification 


In addition to the trade groupings of 
the final products noted in the foregoing 
paragraph, resins are divided from the 
point of use into two major classes: 
those which are spirit-soluble and those 
which are oil-soluble. The term “ spirit” 
originally referred only to alcohol, but 
now embraces a large variety of sol- 
vents. Spirit-soluble resins are generally 
put into solution directly by mechanical 
mixing or by standing in contact. The 
oil-soluble type needs to be processed by 
thermal methods to make it soluble, and 
the operation is referred to by the var- 
nish maker as “running”. In general, 
spirit-soluble resins are soft, whereas the 
oil-soluble type is usually hard. 

Resins are known also under names 
which are indicative either of their geo- 
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graphic sources of origin or of a distin- 
guishing characteristic, such as color or 
port at which they enter commerce. 

And finally, in order to establish a 
logical limit to the number of resins con- 
sidered in this article, we must recognize 
the division of them into hard resins, 
oleo-resins and gum-resins. The hard 
ones, as seen in trade, are usually solid, 
more or less transparent, brittle sub- 
stances, containing very little if any 
essential oil. Only they are considered 
in detail in this article. One classifica- 
tion of them is as follows. 


TABLE I 
CLASSIFICATION OF NATURAL RESINS 





1. Damars: low acid number resins of recent 
origin, solvent- and oil-soluble 
A. Batavia 
B. Singapore 
East Indias: semi-fossil or semi-recent 
resins related to the damars, solvent- and 
oil-soluble 
A. Batu 
B. Black 
C. Pale east india Singapore (rasak) 
D. Pale east india Macassar (hiroe) 
3. Copals: in general, higher acid numbers 
than damars 
A. Manila 
1. Melengket or soft resins of recent 
origin, spirit soluble 
2. Loba or half-hard of semi-recent 
origin, spirit soluble 
3. Philippine manilas (almaciga) of 
semi-recent origin, spirit and oil 
soluble 
4. Pontianak, semi-fossil hard, spirit 
and oil soluble 
5. Boea, fossil hard, oil soluble 
B. Congo, African fossil hard, oil soluble 
1. White, ivory, straw, pale, and amber 
C. Kauri, New Zealand fossil hard, oil 
soluble 
1. Pale and brown 
2. Bush 
4. Miscellaneous resins 
A. Accroides, red gum, or grass gum, of 
recent origin, spirit soluble 
B. Elemi, soft of recent origin, balsam 
type, spirit soluble 
C. Mastic, of recent origin, spirit soluble 
D. Sandarac, of recent origin, spirit 
soluble 


tn 
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International standards have been 
developed by cooperation between ex- 
porters and importers so that gradings 
are done at the point of origin and trad- 
ing is carried on on the basis of name 
designation, grade indications and chem- 
icai and physical specifications for the 
products. These resins are tonnage arti- 
cles of commerce whose standardization 
has been carried forward a very long 
way but which, of course, like all levels 
of achievement, is still susceptible to 
considerable improvement. Standardiza- 
tion of names, gradings and size has 
been carried out in the United States to 
a far greater extent than anywhere else 
in the world. 

Oleo-resins contain considerable essen- 
tial oil in addition to resinous materials 
and consequently are aromatic and more 
or less liquid in nature. They include 
the turpentines, obtained almost exclu- 
sively from pine trees; Canada balsam 
from balsam fir (Abies balsamea), a 
forest tree of the northern United States 
and Canada; Oregon balsam, from Doug- 
las fir (Pseudotsuga taxifolia), a forest 
tree of the western United States; spruce 
gum from the spruces, principally Picea 
rubens, of the United States and Canada; 
Venetian turpentine from the European 
larch (Larix decidua); balsam of Peru 
from Myroxylon Pereirae, a tree of Cen- 
tral America; balsam of Tolu from 
Myroxylon Balsamum, a tree of Vene- 
zuela, Colombia and Peru; styrax from 
Liquidambar orientalis of Asia Minor 
and S. Styraciflua in Guatemala, Hon- 
duras and Venezuela; benzoin from at 
least three species of Styrax in south- 
eastern Asia and the East Indies; co- 
paiba from several species of Copaifera 
in South America; Mecca balsam from 
Commiphora Opobalsamum of Arabia; 
and elemi, some kinds of which are 
sufficiently hard to be included later in 
this article. 

Gum-resins are mixtures of resins and 
true gums, combining the characteristics 
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of both and in some cases containing 
small amounts of essential oils. They 
include ammoniacum from Dorema Am- 
moniacum of western Asia; asafoetida 
from Ferula assafoetida of Persia and 
Afghanistan; galbanum from Ferula gal- 
baniflua of northwestern Asia; myrrh 
from two species of Commiphora in 
Abyssinia, Somaliland and Arabia; and 
frankincense from Boswellia Carteri of 
Arabia and Somaliland. 

And lastly there are the resins that 
are insectiferous secretions and those 
that are collected from plants in a liquid 
state and applied directly to the surface 
of articles to be varnished without the 
use of solvents. Among the former is 
the insect product lac which is the basis 
of shellac, and among the latter, the best 
known is Japanese lacquer obtained from 
Rhus verniciflua Stokes. 

Other than this listing, these plant 
products will not be discussed. 


Utilization 


While specific uses are mentioned in 
Table III and under the descriptions of 
individual hard resins in this article, a 
few general remarks concerning their 
utilization at this point are appropriate. 

Their most important use today is in 
the manufacture of varnishes, paints and 
lacquers of various kinds. Primitive 
peoples employed them in a similar 
manner, though the resins smeared on 
ancient Egyptian mummy cases were 
probably oleo-resins from pine trees and 
not any form of spirit varnish, since dis- 
tillation of aleohol was unknown to the 
Egyptians. A form of copal, probably 
from Hymenaea, formed part of the 
tribute paid to the monarch of the Aztec 
Empire by his various contributing 
states; in fact, the word “ copal” is be- 
lieved to be of Mexican origin. The use 
of hard resins for torches and for caulk- 
ing boats and canoes of primitive peoples 
was widespread. 
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In addition to their modern use in 
lacquers, paints and varnishes, hard 
resins enter also into the manufacture 
of finishing compositions, inks, plastics, 
sizes, polishes and coating compositions. 
True gums, by contrast, find their major 
applications in adhesives and sizes; and 
to some extent are used in food products. 

The natural hard resins described in 
this article are utilized annually in the 
United States to the extent of 40 to 45 
million pounds in approximately the fol- 
lowing distribution: accroides, mastic, 
sandarac and elemi, one million; Congo, 
Manila and kauri copals, 20 million; 
East Indias and other damars, 20 mil- 
lion. By way of comparison it is inter- 
esting to note that shellac, manufactured 
from a natural resin but one of insec- 
tivorous origin, is consumed to the extent 
of 30 million pounds; and rosin, the 
resin obtained as a residue in distilling 
turpentine from the oleo-resin of pine 
trees, used for paint, varnish and resins, 
and paper sizing, 260 million pounds. 
Together they total about 335 million 
pounds. The annual production of rosin 
in the United States alone is of the 
order of one and one-half to two billion 
pounds. 

In recent years natural resins have 
encountered continually increasing com- 
petition by synthetic resins, about 450 
million pounds of which are now manu- 
factured every year in the United States. 
The major synthetic resins are those of 
the phenol formaldehyde and related 
types; urea formaldehyde and melamine 
formaldehyde; the vinyls: vinyl acetate, 
vinyl chloride or copolymers of these; 
the alkyds, almost entirely used in paint 
and varnish, and composed of alcohols, 
of which glycerine is the major example, 
acids, of which phthalic is the major 
material used, and fatty acids derived 
from oils, and/or rosin. Ester gum is 
usually classified as a synthetic resin and 
is almost entirely used in paints and 
varnishes, being made by reacting rosin 
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and glycerine. The paracoumarones are 
synthetic materials derived from coal tar 
fractions. The modified phenolics are 
phenol formaldehyde resins made more 
widely applicable and reduced in cost by 
addition of rosin, with an average con- 
tent of about 70%. Maleic rosin resins 
are the reaction products of rosin and 
maleic anhydride. 

When the above figure of 335 million 
pounds of natural resins is compared 
with the estimated total synthetic resins, 
tree exudations make a very respectable 
showing. If, however, there is deducted 
from the estimated total synthetic resins, 
the rosin and fatty acid content and the 
fillers, the actual synthetic resins, in- 
cluding nitrocellulose materials, amount 
to only 272 million pounds. If now the 
62 millions of pounds of cellulose com- 
pounds classified as synthetic resins be 
deducted, the synthetic resins by them- 
selves amount to 210 million pounds, a 
figure which is considerably exceeded by 
the tree exudation materials. It might 
even be said with considerable truth that 
the synthetic resin industry for plastics, 
paints and varnishes is dependent for 
more than half of its raw material on 
tree exudations. In alkyds, for instance, 
the largest of the synthetic resins, ap- 
proximately 15% of an average resin 
composition is glycerine, meaning that 
in the annual production of those syn- 
thetics, over 20 million pounds of glycer- 
ine, derived from vegetable oils, are 
consumed. 

Oil Varnishes. Qi] varnishes are solu- 
tions of synthetic resins or of natural 
resins in oil. The best oils for use with 
the natural resins are linseed from flax 
(Linum utilitissimum); China wood, or 
tung, oil from the nuts of Aleurites mon- 
tana (Lour.) Wilson and A. Fordi 
Hemsl. of China; oiticica oil from the 
nuts of Licania rigida Benth. of Brazil; 
and perilla oil from the seeds of Perilla 
frutescens L. Britton of India, China and 
Japan. 
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During the nineteenth century, before 
the value of these oils was known, prog- 
ress in varnish-making consisted largely 
of finding new and more favorable com- 
binations of materials already known 
and in small variations in the methods 
of cooking them together. The varnishes 
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were made from linseed oil, natural 
resins, rosin, lime, lead and manganese, 
and turpentine. They were slow drying 
and of moderate durability. 

Oil varnishes are not all alike in either 
their composition or the purposes for 
which they are made, some being par- 
ticularly suitable for floors and others 





Native resin collectors of the East 
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for furniture, baked finishes, exposure to 
the elements or so-called wrinkle finishes. 
Pale East India, batu, pontianak and 
esterified Congo have been found espe- 
cially suitable for floor varnishes; batu, 
black East India, pale East India and 
the most used in baking 


Congo are 


Indies. 


finishes; and boea, Manila, pale East 
India, black East India and batu are 
especially suitable for spar varnishes, 
the chief requirement of which is a film 
possessing sufficient flexibility to with- 
stand the contractions and expansions 
incidental to weathering. 

While such uses in oil varnishes have 
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long been the principal outlet for natu- 
ral hard resins, these applications have 
found serious competition during recent 
years from synthetic phenolic resins, and 
considerable literature on the compara- 
tive merits of the two classes has ac- 
cumulated. 

Spirit Varnishes. A spirit varnish is 
essentially a resin solution which dries 
by evaporation of solvent with or with- 
out the application of heat. It may 
vary from a simple solution of a resin 
in a single solvent to a complex mixture 
of several resins in a mixed solvent 
modified with any of a number of non- 
resinous materials, excluding those solu- 
tions which contain cellulose derivatives. 
Various alcohols and a variety of organic 
liquids are employed as the solvents. 

Spirit varnishes are less durable than 
drying-oil varnishes. They are easy and 
inexpensive to prepare and apply. Since 
they produce brilliant and transparent 
finishes, they find extensive use where 
durability is of secondary importance. 
In general, the gloss increases with the 
hardness of the resin. Thus a hard 
Manila will give a higher gloss than a 


soft Manila, and a hard damar more 
than a softer damar. The damars yield 
higher gloss than the harder Manila 
copals. 


For many applications of spirit var- 
nishes, such as certain types of paper 
coating, gloss coatings for hard candies, 
and finishes for children’s tovs, the an- 
ticipated life of the finish is short. The 
bulk of spirit varnish consumption has 
centered about relatively few industries, 
such as paper coatings, furniture finishes, 
leather finishes, sanding and 
shellac substitutes. 

The resins most widely used are the 
Manilas and the damars. Batu and the 
East Indies find applications where color 
is a secondary consideration. Mastic 
and sandarae are spirit-varnish resins, 
but their cost limits their applications. 
Elemi alone is too soft but is a plasti- 


sealers 
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cizer for spirit varnishes and adhesives. 
Damar is essentially a resin for indoor 
purposes. It has also been used both 
alone and in conjunction with other 
resins in the production of photographie 
finishes. Since the Manilas are 
hol-soluble, they are the logical start- 
ing point in the preparation of shellac 
substitutes. 

Lacquer. The term “ lacquer” 
originally applied to certain plant exu- 
dations which can be used directly as a 
coating for a variety of objects without 
first being dissolved in a solvent. In 
modern industrial development, however, 
it has come to refer to spirit varnishes 
in which a cellulose derivative consti- 
tutes a major film-forming ingredient. 
When pigments are incorporated, the 
products are referred to as “ lacquer 
enamels”. The cellulose derivatives used 
are nitrocotton, ethy! cellulose and other 
esters and ethers; various natural resins 
are added. 

Paints and Enamels. Natural resins 
are used in the preparation of paints and 
enamels in the form of both spirit- and 
oil-base varnishes. Such varnishes find 
application in traffic, luminous, concrete, 
ceiling, wall, furniture, barrel, priming 
and fume-proof paints or enamels. 

In formulating natural resin paints it 
is necessary to avoid the combination of 


aleo- 


Was 


basic pigments with resins of an acidic 
nature. All natural resins contain acids 
and With damar, batu, black 
and pale East India, no trouble is en- 
countered, but with the Manila copals 
special precautions must be observed if 


esters. 


they are to be used. 

Printing Inks. Resins have long been 
ingredients of so-called specialty inks 
which include gloss, non-rub, non-seratch, 
carton food and candy wrapper, cello- 
phane, glassine, aniline, wax-set, water- 
set, soap wrapper, metallic, bottle-print- 
ing and gravure inks. These inks are 
applied to surfaces other than that of 
paper. 
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Adhesives. Natural resins and their 
solutions find many applications in the 
preparation of adhesives and cements for 
a variety of purposes. Elemi, for in- 
stance, may be combined with castor oil 
to vield light-colored adhesives having a 
wide range of tackiness and consistency 
suitable for use in the manufacture of 
adhesive tapes where, in addition, the 
high essential oil content of elemi gives 
water-repellent properties. Damar in 
low percentages provides adhesives which 
will cause paper to adhere to painted 
surfaces but later to be removable in a 
manner similar to Seotch tape. Substi- 
tution Manila resins for damar in 
certain proportions with castor oil gives 
stiff tacky adhesives which dry and be- 
come brittle. Light vegetable pitch may 
be used in lieu of eastor oil, and in 
applications such as black rubber ad- 
hesive tapes, combinations of elemi with 
asphaltic materials may be used. 

Adhesives useful to optical houses may 
be prepared from run Congo in combi- 
nation with rosin or elemi. They are 
employed to attach lenses to steel grind- 
ing blocks and must be resistant to the 
heat generated by grinding. For attach- 
ing labels to tin cans, there are cold ad- 
hesives, consisting of Manila plasticized 
with elemi, and for applying labels to 
cartons there are adhesives containing 
damar and ethyl cellulose. 

Solutions of damar, batu and the East 
Indias in aromatic hydrocarbons or high- 
solvency petroleum thinners may _ be 
added to solutions crepe rubber to 
provide pressure cements. 

Resin-Wax Mixtures and Polishes. 
Solid resin-wax combinations involving 
damars and the East Indias are mar- 
keted in pulverized form as waxes for 
dance floors, and similar materials are 
used to coat shipping containers. 

Pyrotechnics. Natural enter 
the manufacture of fireworks. In solu- 
tion they serve as the binding medium 
for the various constituents, and when 


of 


of 


resins 
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pulverized they are among the active 
combustible ingredients. 

Molded Plastics. Dewaxed damar has 
been used in the preparation of molded 
objects from ethyl cellulose as well as 
urea-formaldehyde resins, and a large 
proportion of the unpurified damar wax 
which is a by-product of the lacquer in- 
dustry is consumed as a cheap filler in 
the manufacture of dark-colored molded 
articles. 

Moisture-proof Coatings for Cello- 
phane. Natural resins may be included 
as an ingredient of lacquer-type surface 
coatings for application to transparent 
regenerated cellulose sheets. The prod- 
uct is the transparent, moisture-proof, 
heat-sealable wrapping material known 
as “ moisture-proof cellophane ” 

Linoleum. Linoleum is the work of 
an English inventor, Frederick Walton, 
who in 1860, while attempting to pro- 
duce artificial leather, experimented with 
various methods of treating linseed oil. 
His attention was attracted to the tough 
skin that formed on the surface of some 
of his tubes of oil, caused by exposure to 
the oxidizing effects of the air. He ex- 
perimented with various compounds of 
oxidized linseed oil and found that when 
combined at high temperatures with 
natural resins, and mixed with finely 
ground cork and color pigments, the oil 
produced a plastie which, when rolled 
onto a fabrie and dried, made a durable 
sanitary floor covering. He named the 


product “linoleum” from the Latin 
words “linum” (flax) and “ oleum” 
(oil). 


The natural resin with which Walton 
perfected the composition was kauri (to- 
gether with rosin), and for many years 
kauri predominated as the resinous con- 
stituent employed in its production. 
Modern linoleum manufacture utilizes a 
variety of resins, both natural and syn- 
thetic, singly and in combination. Of 
the naturals, the inexpensive East Indias 
have met with favor in this country, 
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while the dust grade of Congo has been 
employed abroad. Manilas have also 
found some use in this field. 

Linoleum manufacture starts with the 
heat-refining and oxidizing of linseed oil 
to convert it into a yellowish rubbery 
solid. In one method the oil is run down 
over long sheets of cotton cloth which 
are suspended in a high building. The 
sheets are covered in this way each day 
for several months, and, as each layer 
dries, the sheets or “skins” become 
thicker, finally reaching a thickness of 
one-half or three-fourths inch. The 
“skins ” are then cut down and the solid 
oil ground into fine bread-crumb condi- 
tion. In another method air is passed 
through the oil while it is heated and 
agitated in closed cylinders until it so- 
lidifies into a jelly-like mass. Linoleum 
cement, the tough ingredient which binds 
all the constituents of linoleum into a 
plastic mass, is made by fusing the two 
types of oxidized oil in proper propor- 
tions with resins. It is allowed to age 
several weeks before use, and the aged 
cement, together with ground cork, wood 
flour and pigments is then introduced 
into a system of massive mixers where 
they are combined into a plastic mass 
called “linoleum composition”. The 
composition is then applied to sheets of 
burlap, cotton or asphalt-saturated felt. 

Other Uses. For some applications it 
is desirable to have the natural resins, 
or their combinations with waxes, stearic 
acid, asphalts, pitches and the like, in 
aqueous emulsions or dispersions. Such 
dispersions find use in paper coating, 
sizing or impregnation; floor, furniture 
and automobile polishes; water-proofing 
and stiffening of textiles; and spirit var- 
nishes in which part of the solvent is 
replaced by water. 


Accroides 
Sources. Gum accroides is the resin- 
ous exudation obtained from various 


species of Xanthorrhoea (Liliaceae), 


ECONOMIC 





BOTANY 


about 15 of which are native to Aus- 
tralia and Tasmania, and are commonly 
Only the 
regarded as 


referred to as “ grass trees ” 
following five species are 
important sources of resin: X. arborea 
R. Br. in New South Wales and Queens- 
land; XY. australis R. Br. in New South 


Wales, Victoria and Tasmania; NX. hasti- 


lis R. Br. in eastern and southeastern 
Australia; NX. Preissii Endl. in south- 
western Australia; X. tateana F. v. M. 


in South Australia. These plants are 
among the few monocotyledons, other 
than the palms, which have an arboreal 
habit. They attain various heights up 
to 15 feet and are surmounted by a tuft 
of rush-like leaves three feet long. The 
trunks are composed of a fibrous pithy 
material surrounded by a jacket approxi- 
mately three inches thick formed by old 
leaf bases. It is at the bases of these 
dead leaves that the resin accumulates. 

Collection and Processing. The resin 
accumulated at the base of dead leaves 
along the stem is collected by stripping 
the enveloping husk composed of the leaf 
bases from the core of the trunk with an 
axe. Occasionally the husk is_ suffi- 
ciently soft to permit easy removal of it, 
but more frequently it is a hard coherent 
mass of leaf bases and solidified resin 
that must be removed foreibly with in- 
struments. The proportion of resinous 
husk to the core varies with the season 
and is less in winter than in summer. 
The cuts to remove the husk must not 
be made as deep as the core of the tree, 
for if they are, the leaf bases are ce- 
mented together by the resin into large 
chunks which are subsequently rejected 
in the sieving operation. If, on the other 
hand, a series of too shallow cuts is made, 
the leaf bases are sufficiently reduced in 
size to make separation from their resin 
difficult. The cutting, therefore, requires 
considerable skill and should be to such 
a depth that the leaf bases separate 


readily. 


Name 


A 


Acaroid, see Ac- 
croides 
Accra copal 


Accroides, red and 
yellow 

Akra copal, see Accra 
copal 

Almaciga 

Angola copal, red and 
white 

Anime 

Animi, see Anime 

Ashanti copal 

Austral damar, see 
Kauri 

Australasian damar, 
see Kauri 

Australian copal, see 
Kauri 

Australian sandarac, 
see Sandarac 


B 
Baka 


Batavia damar 


Batjan damar 
Batu, Batu damar 


Beaten damar, see 
Puti damar 
Bekongo 


Bengkong damar 


Benguela copal, white 
and yellow 
Benin copal 


Black boy gum, see 
Accroides 

Black damar 

Blonde rouge infer- 
ieure damar, see 
Cochin-China damar 

Boea copal 

Boea, brown and white 

Bombay copal, see 
Zanzibar copal 

Borneo copal 
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TABLE II 
DESIGNATIONS AND SOURCES OF COMMERCIALLY IMPORTANT NATURAL HARD RESINS 


Geographical Source 


Liberia, Nigeria and 
Gold Coast 

Australia and Tas 
mania 


Philippine Islands 
Angola 
East African coast 


Gold Coast 


Congo 
Western Java, Borneo 
and eastern Sumatra 


Moluccas 
Indonesia and Malaya 


Congo 

Malacca and Malay 
States 

South Guinea 

Liberia, Nigeria and 


Gold Coast 


India 


Indonesia 
Indonesia 


Borneo 


Botanical Source 


Daniella 


Xanthorrhoea 


Agathis 
Copaifera 


Trachylobium 


Copaifera 


Hopea and Shorea 


Hopea, Shorea, 
Vatica 


Copaifera 


Daniella 


Canarium 


Agathis 
Agathis 








Present Day 
Classification 
and Comments 





Similar to Congo 
copal; fossil 
Accroides 


Philippine Manila 
Similar to Congo 
copal; fossil 


Congo; fossil 


\ native name for 
Congo copal 
Batavia damar 


Batu 


A native name for 
Congo copal 
Damar 


Congo copal; fossil 


Congo copal; fossil 


Black East India 


Boea copal; fossil 


Boea copal; fossil 


Pontianak copal 
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TABLE I]—Continued 








Name 


Borneo damar 
Botany Bay gum, 
see Accroides 


Brauner Borneo-damar, 


see Hiroe damar 

Brauner F luss-damar, 
see Hiroe damar 

Brauner Sumatra- 
damar, see Hiroe 
damar 

Brown kauri 

Bush gum 

Bush kauri 


Cc 


Caillon (gomme), see 
Kissel copal 
Calcutta copal, see 
Zanzibar copal 
Cambodian damar 
Cameroon copal 
Cat’s eye damar, see 
Mata Kuching damar 
Celebes damar 
Chakasi 


Chalk 


Chan 

Chios mastic 
Cochin-China damar 
Common sandarac 
Congo copal 

Copal d’arbre 

Copal d’eau 


Copal de foret 
Copal de riviere 
Copal tendre 
Coquille, see 

Benguela copal 
Cowrie, see Kauri 

copal 

D 

Daging damar 


Damar mati 


Geographical Source 


Borneo 


New Zealand 
New Zealand 
New Zealand 


Cambodia 


Cameroon 


Celebes 


Siam 

Chios 

Cochin-China 
Algeria and Morocco 
Belgian Congo 
Belgian Congo 
Belgian Congo 


Belgian Congo 


Belgian Congo 


Malay States and 
Borneo 


Botanical Source 


Agathis 
Agathis 
Agathis 


Pistacia 
Tetraclinis 
Copaifera 
Copaifera 
Copaifera 
Copaifera 


Copaifera 


Agathis 


Present Day 
Classification 
and Comments 


Damar 


Kauri copal; fossil 
Bush kauri; fossil 
Bush kauri; fossil 


Singapore damar 
Congo copal; fossil 


Batavia damar 

A native term for 
semi-fossil Zanzi- 
bar copal 

A soft, porous, white 
resin found with 
swamp gum 

Singapore damar 

Mastic 

Damar 

Sandarac 

Congo 

Congo from trees 

Congo from water; 
fossil 

Congo from forest; 
fossil 

Congo from rivers; 
fossil 

Soft copal 


A native term for 
pontianak 

A native term for dead 
damar 


bo 
pee 
© 
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TABLE I]—Continued 


Present Day 


Name Geographical Source Botanical Source Classification 


and Comments 





Damar Minyak 
Dangi 


Dead damar 


Malay States 


A Malayan term for 
Manila copal 

A native name for soft 
Congo copal 

Damar; semi-fossil 


Demarara copal South America Hymenaea South American copal 
Drop sandarac Morocco and Algeria Tetraclinis Sandarac 
Duging damar Malay States and Bor- Damar 
neo 
E 
Earth shellac, see Ac- 
croides 
East Indian anime, see 
Zanzibar copal 
East Indian copal, see 
Zanzibar copal 
East Indian damar Indonesia Batavia damar 
Elemi Philippine Islands Canarium Elemi 
F 
Female mastic, see 
Mastic en sorte 
Fiji kauri Fiji Islands Kauri; fossil 
Fluss damar, see 
Hiroe damar 
Friable Manila, see 
Manila copal 
G 
Gaboon copal Gaboon Congo copal; fossil 
Gelker damar, see 
Hiroe damar 
Gorontalo copal 
Gold Coast copal, see 
Ashanti copal 
Grass tree gum, see 
Accroides 
Gum juniper A term incorrectly ap- 
plied to sandarac 
H 
Hard Indian gum copal A term for Manila 
copal 
Harvest Kauri New Zealand A gathis Kauri collected from 
trees 
Hiroe damar Malay States Shorea Pale East India 
Hitam damar Malay States Black East India 
4 
Indian damar Damar 
Indian mastic India Pistacia Mastic 
Inhambane copal Mozambique Copaifera Congo copal; fossil 
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Name 
Isio 
Itoa 
J 
Java copal 
K 


Kala damar, see Black 
damar 

Kauri copal 

Kekulot damar 

Kepong damar 

Kissel copal 

Kowrie, see Karui 
copal 

Kula damar, see Black 
damar 

Kumus damar 


L 


Labuan copal 

Lal dhuna 

Lindi copal 

Lisbon copal, see 
Benguela copal 

Loango copal 

Loba 


Lowoe copal 


Macassar 
Madagascar copal 
Manila copal 


Manila elemi 
Mastic 


Mastic ensorte 
Mastic in drops, see 
Mastic officinal 

Mastic officinal 
Mata Kuching damar 


Mati damar, see Dead 
damar 
Melanti damar 


Melengket 
Meranti Bunga, see 
Daging damar 
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TABLE IIl—Continued 


Geographical Source 


Java 


New Zealand 
Malay States 
Malay States 
Africa 


Malacca and Malay 
States 


British Borneo 
India 
East Africa 


Guinea 
Indonesia 
Indonesia 


Celebes 

Madagascar 

Malay States, Indonesia 
and Philippine Is- 
lands 

Philippine Islands 

Southern Europe, 
North Africa and 
Chios 

Chios 


Chios 
Malay States, Malacca, 
Sumatra and Java 


Kedah and Malay 
States 
Celebes 


Botanical Source 


Agathis 


Agathis 


A gathis 


Trachylobium 
Agathis 


Canarium 
Pistacia 


Pistacia 


Pistacia 
Hopea 





Present Day 
Classification 
and Comments 


A native name for 
Congo copal 


A native name for 
Congo copal 


Boea; fossil 


Kauri copal; fossil 
Damar 

Damar 

Congo copal; fossil 


Damar 


Manila copal 


Congo copal; fossil 


Congo copal; fossil 
Manila copal 
Manila copal 


Manila copal 
Congo copal; fossil 
Manila copal 


Elemi 
Mastic 


Mastic 


Mastic 
Batavia damar 


Manila 


es 


SS Ss Ss Se 


Ln | So = Hcl Ln wi] S55 - _— zw vy SS 


ee ae mas! 


Name 


Meranti damar 


Merawan damar, see 
Mata Kuching damar 
Mexican elemi 
Mogador sandarac 
Mombassa copal 
Mozambique 


N 


New Zealand damar, 
see Kauri 

Nigerian elemi 

North African sandarac 

Nubian copal, soft, 
see Selan damar 


O 


Ogea 
Oriental animé 


Y 


Padang damar 
Paka 


Pale kauri 

Papuan damar 

Pebble gum, see Kis- 
sel copal 

Pedang damar, see 
Padang damar 

Penak damar 

Penang damar 

Penjaoe damar 

Perak damar 


Piney resin (or gum), 
see White (Indian) 
damar 

Pontianak copal 

Pontianak damar 

Puti damar 


R 


Raja damar 

Range gum, see Kauri 
copal 

Rasak damar 


Red gum 


Resina lutea novae 
Belgiae, see Ac- 
croides, yellow 
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TABLE Il—Continued 


Geographical Source 


Malay States and 
Malacca 


Algeria and Morocco 
East Africa 
Mozambique 


Algeria and Morocco 


Gold Coast 


East Africa 


Sumatra 


New Zealand 
New Guinea 


Malay States 

Malay States 

Borneo 

Malacca and Malay 
States 


Borneo 
Borneo 
Sumatra (?) 


Borneo 


Australia 


Botanical Source 


Tetraclinis 


Trachylobium 


Tetraclinis 


Daniella 


Agathis 


Agathis 


Xanthorrhoea 


i) 
pe 
“NI 


Present Day 
Classification 
and Comments 


Elemi 

Sandarac 

Congo copal; fossil 
Congo copal; fossil 


Sandarac 


Congo copal; fossil 
Congo copal; fossil 


Damar 

A native name for 
Congo copal 

Kauri copal; fossil 

Black East India 


Singapore damar 
Singapore damar 


Pontianak 
Batavia damar 


Batavia damar 


Pale East India Singa- 
pore 
Accroides 
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TABLE II—Continued 








Name 


Geographical Source 


Botanical Source 


Present Day 
Classification 
and Comments 





Rock damar 


Rough kauri 


Ss 


Sal damar 
Sambas copal 
Sandarac 


Sandarach, see 
Sandarac 
Sandarusi ya m’ti 


Saraya damar 
Selan damar 


Sengai damar 
Siamese damar 
Sierra Leone copal 
Singapore damar 


Siput damar 
Songyi damar 


Soongyi damar, see 
Songyi damar 

South African sanda- 
rac 

Strayah damar 


Succin (amber) 

Sumatra damar 

Swamp gum 

Sydney, see Kauri 
copal 

Syrup copal 


T 


Tamak damar 
Tanganyika copal 
Tawao damar, see 
Hiroe damar 
Ternate copal 
Turkish mastic 


India, Malay States, 
Borneo, Burma, Indo 
China and certain 
Malayan islands 

New Zealand 


India and Burma 

Borneo 

North and South Africa 
and Australia 


Zanzibar 


Malay States 

Moluccas, Philippines, 
Java and Sumatra 

Malay States 

Siam 

Sierra Leone 

Malay States and 
Indonesia 

Malay States 

Malay States and 
Malacca 


South Africa 


Malay States and 
Malacca 

Prussia 

Sumatra 

New Zealand 


Malay States 


Malay States 
Tanganyika 


Ternate 
Turkey 


Agathis 


Agathis 
Tetraclinis and 
Callitris 


Trachylobium 


Copaifera 


Pinus 


Agathis 


Agathis 


Pistacia 


Damar 


Kauri copal; fossil 


Pontianak; fossil 
Sandarac 


Zanzibar copal ob- 
tained direct fron 
trees 


Black East India 
Singapore damar 
Congo copal 

Singapore damar 


Sandarac 


Amber; fossil 
Singapore damar 
Kauri copal 


The Malayan exudation 
of Agathis alba 
which does not hard- 
en so rapidly as do 
the East Indian Ma- 
nilas from the same 
species 


Congo copal; fossil 


Manila copal 
Mastic 
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TABLE Il—Continued 
i aa 


Name 


Geographical Source 


Present Day 
Classification 
and Comments 


Botanical Source 


i 


U 


Uganda elemi 
Urushi 


Uganda 
China and Japan 


Vv 


Vare 


West African elemi 


White (Indian) damar 


West Africa 
India 


Y 


Yacca gum, see 
Accroides 
Yang Panawng damar 


Zz 


Zambas copal, see 
Sambas copal 


Zanzibar copal Zanzibar 


Elemi 
Natural lacquer 


Boswellia 
Rhus 


A native name for 
kauri copal 


Elemi 
Damar 


The native name of a 
Siamese damar 


Trachylobium Congo copal; fossil 


nen 


Chopping off the crown of the tree is 
the customary, though unnecessary, prac- 
tice. When it is not removed, removal 
of the husk seems to have little effect on 
the plant, provided sufficient resin is left 
to protect the core. Even when lopped, 
the trees frequently recover. 

The chopped-off husks fall into frame- 
works placed about the base of the trees, 
and are then collected and subjected to 
a sieving operation in a jigger which re- 
moves most of the leaf bases and any 
large lumps of caked husk, as well as 
separates the resin into two grades. The 
jigger consists of an inclined sieve of 
wire netting (4—} inch mesh) above an 
inclined metal sheet containing smaller 
perforations. A horizontal shaking mo- 
tion is imparted to the gratings while the 
husks are fed to them through a hopper 
at the top. A winnowing operation sepa- 
rates any leaf bases remaining with the 
coarse gum. 

The quantity of resin obtained from 
any one tree varies according to the spe- 


cies and other factors. Estimates of dif- 
ferent collectors regarding the yields 
range from two or four pounds, and 
lower, upwards to 40 or 60 pounds, and 
the amounts collected per man per day 
range from 25 to 100 pounds. 

The sieving and winnowing operations 
resin, and 
been 


involve considerable loss of 
efforts to reduce such 
made by placing the raw material con- 
sisting of chopped off leaf bases and 
solidified resin on sieves in steam-heated 
vats and collecting the resin in a molten 
state to be cooled and solidified. Sol- 
vent extraction has also been employed. 

Grading and Terminology. While all 
the known species of Xanthorrhoea con- 
tribute to the supply of accroides gum 
collected, there is not any commercial 
distinction made in the resin obtained 
from the various species other than 
recognizing vellow and red_ varieties. 
The vellow form, comparatively rare and 
collected far inland, is obtained from X, 
hastilis R. Br.; all other species produce 


loss have 
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TABLE III? 
APPLICATIONS OF NATURAL HARD RESINS 


Lacquers 
Linoleum 
Oilcloth 
Oil varnishes 
Plastics 

Rubber com- 
positions 


Medicine 
Textile sizing 


Adhesives 
and cements 
Amber 
substitute 
a colors and 
pastes 
Finishing 
compositions 
Incense 

Inks 
varnishes 
positions 


Ac croide od eee eT 


Batavia 
damar x 


Black East 
India 


East India 
Macassar 


East India 
Singapore ; 


Loba 
(Manila) x 


SE 
= BCE EEE EEE 


Singapore 
damar 


the much more common red resin, the Other names applied to gum accroides 
bulk of which is collected in South Aus- are “ acaroid resin”, * red gum”, “ gum 
‘ass tree gum”, “ Black 


tralia, particularly on Kangaroo Island, acaroid”’, “ g1 
from X. tateana. Boy gum”, “ yacca” or “ yvackha gum 


2 The applications of the natural hard resins as given here are merely indicative in that the 


Table is not to be considered exhaustive or all-inclusive but shows the general fields The 


adhesive uses are not those of water adhesives but of solvent-containing cements. The term 


varnish and similar compositions. Varnishes as 


“driers” refers to the use of siccatives in paint, 
elemi, mastic and sandarac find 


such are included under finishing compositions, and, although 
some applications here, these uses are thought of as separate varnishes of a specific nature. In 


a similar sense, oil varnishes are set aside. 
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and “ Botany Bay resin”. The trunks 
are often charred by brush fires, a fea- 
ture that accounts for the term “ Black 
Boy ”. 

There are only three commercial 
grades of accroides, based on color and 
particle size, namely, “ yellow gum’ 
“red gum coarse” and “red gum pow- 
dered”. The red gum grade is usually 
in the form of small reddish brown dusty 
pieces which are exported in bags of 140 
pounds. 

Uses. The low price and heat-reac- 
tive properties of accroides have a defi- 
nite influence upon its commercial use. 
One application is as a binder in the 
preparation of wallboard. It is a substi- 
tute for rosin in paper coating and for 
shellac in spirit varnishes, lacquers and 
printing inks. The resin is also used in 
the preparation of finishes for cellulosic 
materials, metals, metal foil and glass 
as well as in the preparation of mold- 
ing powders from phenol-formaldehyde 
resins. Concentrated solutions of red 
accroides plasticized with castor oil or 
balsam have been reported as a red coat- 
ing for windows of photographic labora- 
tories to exclude sun rays, and the 
bleached purified resin is stated to be 
suitable for the manufacture of sealing 
wax and pale ester gums. 

Both red and yellow forms of accroides 
resin contain up to 50% of a resin-tan- 
nol which yields picric acid upon nitra- 
tion, and the preparation of picric acid 
and of nitrophenols from this resin has 
been patented. Small yields and high 
nitric acid consumption, however, do not 
permit economic competition with chem- 
ical preparation of picric acid from 
phenol or chlorobenzene. The belief has 
been expressed, nevertheless, that appre- 
ciable quantities of accroides were uti- 
lized for the preparation of explosives by 
Germany during the First World War. 

The constituents of accroides are also 
suitable as the starting point in the 
synthesis of certain organic dyestuffs. 
Treatment with sulfuric acid or with 
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sulfur in the presence of an alkali has 
been patented as a means of producing 
brown and black dyes. 

Owing to its heat-reactive properties, 
accroides is not suitable for the prepara- 
tion of oil varnishes. 


Congo 


Sources. Congo resin is by far the 
most important of a group of resins 
known as “ copals ”’, the others of which 
group are noted in the next section. It 
is obtained principally, if not entirely, 
from Copaifera Demeusti Harms, a tall 
forest tree of the Belgian Congo where, 
it has been estimated, the potential sup- 
plies of the resin may be almost inex- 
haustible. C. Demeusii occurs also in 
southern Nigeria and Cameroons. Other 
species of the genus as well as members 
of the genera Amphimas, Dialium, Goss- 
weilerodendron, Pterygo- 
podium and Tessmannia contribute neg- 
ligible amounts. 

Collecting and Processing. The resin 
is collected in the numerous tributary 
valleys along the east bank of the Congo 
River between Stanleyville and Leopold- 
ville. This area, once the bed of an in- 
land sea, is alternately a sandy and a 
marshy region, most of which is flooded 
during part of the year. Collection be- 
gins immediately after the waters have 
receded and before the ground hardens, 
with the chief collecting period beginning 
in April and ending in July. The ground 
is still ankle-deep in mud when the na- 
tives set up camp in the area to be 
worked. The men hunt and fish to pro- 
vide the camp with food but do not en- 
gage to any great extent in the actual 
resin collecting. This is done by the 
women and children. Armed with long 
metal-tipped lances, they traverse the 
region, prodding the ground until they 
strike a piece of resin. The resin is then 
extracted and carried in baskets on the 
backs of the natives to the camp where 
it is dried in the sun and freed by hand 


Pterocarpus, 
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of earthy impurities. The deposits are 
usually found at depths of a few inches 
to three feet. Deposits deeper than this 
exist but are not worked by the natives 
because of the greater labor involved, as 
well as their difficulty of location. A 
good collector can obtain from 50 to 80 
pounds of resin a day. The average, 
however, is about half of this. Approxi- 
mately 80 per cent of the copal exported 
from the Belgian Congo is dug from the 
ground in this manner. 

Accumulations are also found in the 
river beds where the resin has been 
washed from the soil by the periodic rise 
and fall of the water level. This source 
has never been worked exhaustively. 
Another minor supply is obtained from 
the accidental wounding of living trees, 
but systematic tapping apparently is not 
practiced. All Congo resin imported into 
the United States is of the fossil type 
taken from the earth and the river beds. 

After the preliminary cleaning at their 
camp, the natives pack the Congo to a 
collecting station where it undergoes a 
second rough cleaning operation. The 
final cleaning and grading operations are 
performed at the commercial distributing 
centers. 

Steeping the resin in dilute caustic soda 
solution of about one per cent strength 
to remove surface dirt was formerly 
common practice. More recently, a 
process for cleaning Congo by sandblast 
has been developed. In this method the 
resin is placed in a rotating drum fitted 
with a perforated bottom through which 
the finer dust falls. A sandblast, passed 
through the slowly rotating drum, rapidly 
removes the adherent impurities. Baffles 
are placed within the drum to insure a 
more even distribution of the sanding 
action. The Congo dust so formed can 
be removed from the sand by water- 
floating. A modification substitutes iron 
filings for the sand. The iron is then 
removed from the copal dust by a mag- 
netic separator. In addition to the me- 
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chanical advantages of speed and ease 
of handling, this method produces a resin 
that has undergone no chemical contacts 
and is therefore of a very high degree of 
purity. A wide range of Congo resins 
can be produced, the palest of which are 
almost colorless. 

Characteristics and Classification. 
Congo resins are among the hardest of 
natural resins. In their original form, 
Congos, unlike other copals, are consid- 
ered to be insoluble in nearly all organic 
solvents, although with a number of 
these, gelatinous liquids or transparent 
viscous gels may be formed. The un- 
treated resin is likewise insoluble in var- 
nish oils. When thermally processed, 
however, it becomes soluble in petroleum 
solvents of nearly all varieties, coal-tar 
solvents, alcohols such as butanol, and 
other solvents. 

According to their origin, Congo resins 
may be divided into three classes: a) 
recent resin obtained directly from living 
trees through either accidental or de- 
liberate wounding; b) semi-fossil resin 
found in the soil, having dropped from 
still living trees; c) fossil resin deposited 
in the ground by trees which may or 
may not have ceased to exist. The con- 
tributions of the first two sources are 
small. For the trade there are about 30 
grades based on color and hardness. 

Uses. Congo resins are adaptable to 
a wide range of varnish products. This 
is their chief field of application. Congo 
is the “ universal” resin of the varnish 
maker, and is called for in a number of 
governmental specifications for decora- 
tive and protective coatings applied to 
metal surfaces subjected to severe atmos- 
pherie service. 

Because of its high acid number, 
Congo can not be used for vehicles of 
paints or enamels containing reactive 
pigments because in such combination 
insoluble “ soaps” are formed through a 
neutralization reaction. This can be 
overcome by esterifying the resin with 
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glycerin or other polyhydrie alcohols, 
and the resultant Congo esters are find- 
ing wide application in oil varnishes and 
in furniture, food container, toy, tray 
and other lacquers which must withstand 
heat, moisture and the action of dilute 
acids and alkalis. 

Like tung oil [from seeds of Aleurites 
Fordu|, and more recently, oiticica oil 
[from seeds of Licania rigida|, Congo 
did not immediately win the favor which 
it subsequently acquired. Compared 
with the easy-melting kauri then in 
vogue, Congo was a difficult resin to 
“run”, or process thermally, and the 
first attempt to utilize it in varnish 
making did not yield satisfactory results. 
The poor initial results obtained are 
understandable, for the varnish makers 
tried to “run” Congo in the same man- 
ner in which they processed kauri. The 
result was a resin showing incomplete 
or unstable solubility in oils. When it 
was once realized that Congo requires 
higher processing temperature (650° F. 
as compared to 600° F. for kauri) as 
well as a slightly longer heating period, 
the resin was adopted by varnish makers. 

In addition to its esterification by 
combination with polyhydric alcohols 
and fatty acid glycerides, Congo is capa- 
ble of being acetylated to yield a prod- 
uct known as “acetocopal” which is 
suitable for varnish manufacture and as 
a lacquer plasticizer. By similar treat- 
ment with butyric acid, “ butyrocopal ” 
can be obtained which possesses kindred 
properties and uses. 


Copals 


The term “copal” is not at all spe- 
cific and does not refer to any particular 
resin, but is generically applied to a large 
group of them, obtained from a variety 
of plants and characterized by hardness 
and relatively high melting point. The 
term is of Mexican origin, and the exu- 
dations to which it refers are of recent, 
semi-fossil or fossil origin, found in 
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many tropical and subtropical countries. 
While they are all characterized by their 
hardness, they vary in this feature. The 
softer of them, being almost completely 
soluble in cold aleohol, have been used 
for spirit varnishes without further prep- 
aration, while the harder copals require 
heat treatment, or “ running ”’, to render 
them soluble in drying oils. More re- 
cently, the harder copals, on account of 
their thermoplastic character, have been 
used for all manner of pressed and 
stamped articles in the form of a binder, 
often in combination with shellac. At 
one time copals were employed more or 
less exclusively for varnish manufacture. 

The three principal copals—Congo, 
kauri, Manila—are described separately 
in this account, and the others, of less 
importance, may for convenience be 
grouped as East African, West African 
and South American copals. 

East African Copals. Among those of 
East Africa are Madagascar, Mozam- 
bique and Zanzibar copals, once occur- 
ring as such in commerce but now al- 
most wholly replaced by Congo copal. 
They are derived almost entirely from 
Trachylobium verrucosum (Gaertn.) 
Oliver (Leguminosae), a tall evergreen 
tree of Kenya, Tanganyika, Madagascar 
and Mozambique. The resin is collected 
from living trees, from the soil in semi- 
fossilized form where it has dropped 
from trees still living, or fossilized in the 
ground where trees are no longer stand- 
ing. The first is the poorest in quality, 
the last the best. These resins are char- 
acterized by their peculiar roughened 
surface, called, 
though that obtained in Madagascar is 
reported not to display this feature. 

Other East African copals, of little 
commercial import, are Inhambane copal 
from Copaifera Gorskiana Benth., a 
valuable timber tree of the southeast 
coast, and another collected from Dani- 
ella Oliveri Hutch. et J. M. Dalz. in 
Uganda. 


‘gooseskin”’ as it is 
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As Howes has recently written, “ The 
East African copal trade is of very long 
standing for it is known that from an 
arly date Arab traders exchanged this 
copal for cotton cloth with Indian 
traders. It was in the latter part of the 
18th century that the trade was devel- 
oped, mainly by the Portuguese. In the 
middle of the next century American 
merchants became active in the export 
of East African copal. The better grades 
have been held in high esteem by the 
varnish maker on account of their hard- 
ness, being the hardest of all the copals. 
This secured for them an enhanced price 
during the time that natural resins were 
in keen demand and before the Congo 
copal industry came to be developed. 
At one time most East African copal 
was shipped from Zanzibar, hence the 
name ‘ Zanzibar copal’ by which it was 
known in the trade. Later it came to be 
shipped direct from certain East African 
ports and acquired the names of ‘ Lindi’ 
or ‘ Tanganyika’ copal ”. 

West African Copals. Congo resin, 
already described, is the most important 
of the resins from West Africa and has 
almost wholly superseded the others 
which formerly were marketed under the 
names of their geographical sources— 
Accra, Angola, Benin, Benguela, Co- 
nakry, Gaboon, Loango, Sierra Leone, 
ete. 

Sierra Leone, a good quality fossil 
copal second only to Zanzibar copal in 
hardness and well suited for varnishes, 
was furnished by Copaifera copallifera 
(Benn) Milne-Redhead (= C. Gwborti- 
ana Benth.) This tree, widespread in 
Sierra Leone and other parts of West 
Tropical Africa from French Guinea to 
Nigeria, is also the source of a fresh 
resin obtained by tapping; in fact, it is 
the most important copal-yielding tree 
in West Africa, next to C. Demeusii 
which supplies Congo copal. At one time 
tapping was permitted by regulation 
only every third year. To the natives 





BOTANY 


of Sierra Leone the tree is known as 
“kobo ” or “ kubui’’; in French Guinea 
as “kaki”, 

Of the other West African sources of 
resin, Howes has written as follows: 

“Among other West African fossil- 
ized resins Cameroons copal, which has 
a hard lustrous fracture and a character- 
istic slight peppery odour, was consid- 
ered to be the best of the West African 
copals. It is believed to be derived from 
Copaifera Demeusii, the same botanical 
source as Congo copal. ‘ White Angola’ 
copal is probably from the same botani- 
cal source while ‘ red Angola’ (both fos- 
sil resins) is considered by some to be 
probably derived from Copaifera mopanc 
J. Kirk. This tree is widespread and 
very common in some parts of southern 
tropical Africa and is known as ‘ iron- 
wood’ and ‘ Rhodesian mahogany’ on 
account of its hard reddish wood ”’, 

‘Several species of Daniella, common 
forest trees, vield resin freely in West 
Africa and are known to be the source 
of much of the fresh resin that has been 
collected and probably much of that 
procured in the semi-fossilized state. 
The outstanding species in this connec- 
tion are Daniella Oliveri Hutch. et J. M. 
Dalz, D. thurifera Bennett and D. simi- 
lis Craib. The resin from these trees is 
fragrant and might well be termed a 
balsam or oleo-resin in the fresh state. 
It has been sold as copaiba balsam, be- 
ing probably used as a_ substitute or 
adulterant for this product. The name 
‘ogea’ or ‘ujia’ is commonly used in 
Nigeria for the resin of several species 
of Daniella. Daniella Oliveri is a char- 
acteristic tree of the savannah forests or 
open country from Senegal to the Cam- 
eroons. Natives tap the trees to some 
extent by cutting out square pieces of 
bark. Sometimes a cavity is made in 
the trunk and a fire started in it. Natives 
use the resin to fumigate huts or to scent 
garments and kill vermin. It may also 
be chewed. Resin from Daniella Oliveri 
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in Uganda (West Nile District) exam- 
ined in London was found to be inter- 
mediate in properties between Manila 
copal and dammar and not to be of high 
commercial value. Daniella thurifera 
has a wide range in the forest regions of 
West Africa and may be the chief source 
of West African copal (unfossilized), ex- 
cept on the Gold Coast where D. similis 
seems to be the common species ” 

South American Copals. Resins from 
Brazil have at times entered world trade 
as “ Brazil”, “ Para” or “ Demarara ”’ 
copal. They are the exudation primarily 
of West Indian locust, or courbaril (/7y- 
menaea Courbaril L.), a tall, widely dis- 
tributed and valuable timber tree of the 
American tropics. The resin is collected 
both by digging for it in the ground 
where it has trickled from the trees and 
by tapping the trees. The fresh mate- 
rial is soft and has medicinal uses. Other 
timber species of the genus probably 
also contribute to the amount collected, 
and all of them are known to the natives 
as “jatoba’”’, “jatahy ”, “ jutahy ” and 
“jJatahyba ”; the resin is called “ jutahy- 
cica ” and, being the softest of all copals, 
is the least valuable. 


Damar 


Terminology and Sources. The word 
“damar” is of Malayan origin and origi- 
nally referred only to a torch made of 
resin, as described later, and then to any 
kind of resin. The term is probably still 
employed in the former sense by the 
natives of Malaya, but it came into use 
as an English word when the first Brit- 
ish traders visited Malaya, and by today 
has evolved into a collective name, some- 
times spelled “dammar’”’, for a great 
variety of hard resins of very different 
origins. It is applied by the natives of 
the East Indies, to whom the Mexican 
term “ copal” is unknown, even to kauri 
and Manila copal which are not. ordi- 
narily regarded as damars. The damars 
as a group are distinguished from the 
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copals by their free solubility in turpen- 
tine and coal-tar hydrocarbons, and are 
generally inferior to them in hardness 
and durability. Since nearly all species 
of trees producing damars are members 
of the Dipterocarpaceae, the name “ dip- 
todammars ”’ has been suggested for these 
resins but has not been adopted. 

The Dipterocarp family is of great 
importance in the Indo-Malayan and 
Kast Indian regions, for it contains not 
only resin-yielding trees but also valu- 
able timber trees. According to the 
Laboratorium voor Scheikundig Onder- 
zoek at Buitenzorg, Java, 55 species of 
damar-producing trees have been cata- 
logued, and in certain regions as many 
as ten species may contribute to the 
resin produced and collected. The pre- 
dominance, however, in any one area is 
from one or two species which are pres- 
ent in sufficiently high proportion to 
bestow negligible importance to the col- 
lections from other species. The entire 
producing area is very extensive, for it 
includes the East Indies, Malaya, Siam, 
India, Burma and Ceylon. 

In the East Indies the best and most 
important forms of damar are known 
as “damar mata kuching?’ (cat’s eye 
damar) and “damar pénak’. There are 
several commercial grades of the former, 
the most being “ Batavian 
damar ” and consisting mainly of resins 
from western Java and eastern Sumatra, 
Batavia being the important collecting 
and exporting center. A small amount 
has come from Borneo through Batavia, 
and a good deal has been exported from 
Pontianak in Dutch Borneo. At least 
half a dozen species of Hopea are the 
sources of this resin, whereas in the 
Moluceas, Borneo and Malaya _ three 
species of Shorea are reported to be the 


esteemed 


sources. 

Damar pénak is a product of Malaya, 
the exudation of Balanocarpus heimir 
King, a large and important timber tree 
known “chengal” and “ chengai ”. 


as 
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Other Malayan damars are known by a 
variety of native names, always includ- 
ing the word “damar”’ followed by a 
modifying term such as “ hitam ”’, “ da- 
ging”, “seraya”’, “batu”, “ kepong’ 
“temak”, “chengal pasir”, “ sengai”, 
“ kedondong ” and “ meranti”’. Identity 
of these resins with particular species is 
often difficult, and several of them may 
be the produce of the same tree, but it is 
known that the genera Balanocarpus, 
Canarium and Shorea are involved in 
their production. They are all of sec- 
ondary importance. Two other Malayan 
resins are ‘‘ damar kelulut ” and “ damar 
siput” which are collected through the 
agency of insects. The former is found 
as the lining of the peculiar nests of cer- 
tain small bees that collect the resin 
from trees in the neighborhood and use 
it mixed with wax. The other occurs as 
hollow shell-like exudations on the 
trunks of Shorea trees and is believed to 
be formed by larvae of a coleopterous 
insect that live in the bark. 

In Siam the large forest trees Balano- 
carpus heimiit King and B. maximus 
King are the sources by tapping of resin 
stated to be very similar to the better 
grades of damar mata kuching and damar 
penak. Other resins, collected as natu- 
ral exudations for local use, are obtained 
from species of Shorea, Pentacme and 
Hope a. 

In India one of the best known of the 
dipterocarp trees yielding resin is the sal 
tree (Shorea robusta Gaertn.), commonly 
called “lal dhuna”’. It is a forest tree 
of timber importance in many parts of 
central and northern India. <A closely 
related species, S. tumbuggaia Roxb., of 
more restricted distribution but common 
in the Cuddapah forests, also yields 
resin. 

Vateria indica L., a large evergreen 
forest tree of western peninsular India, 
is the source of Indian “ white damar ”’ 
or “ Piney resin”. V. roxburghiana BI. 
and V. lanceaefolia Bl. are allied Indian 
species also yielding resin. 
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Black damar of India is not a diptero- 
carp resin, being obtained from Canar- 
ium strictum Roxb. (Burseraceae) and 
other 
This resin is blackish by reflected but 
deep brown by transmitted light. 

In Burma a resin, referred to as “ rock 
damar” because of its hardness, 
tained from the large evergreen forest 
tree Hopea odorata Roxb., known there 
as “thingan’ Shorea 
vields a resin there, but many other 
dipteroearps, especially in the 
Dipterocarpus, are tapped only for the 
oil, or oleo-resin, that they 
which remains liquid and does not so- 
lidify as do the true resins. 

In Ceylon locally used resins are col- 
lected from Doona zeylanica Thw., 
locally known as “ dun”, and D. cordi- 
fola Thw. Vateria acuminata Heyne, 
known as “hal”, produces a pale and 
sometimes greenish resin, known as “ hal 
dummala ” 

Collecting. While small amounts of 
various kinds of damar are collected as 
natural exudations on the trunks and 
branches, most of it is obtained by tap- 


possibly species of Canarium. 


is ob- 


robusta also 
genus 


contain, 


ping, sometimes to a height of 50 feet or 
This involves climbing the trees, 
is accomplished by the native 


more. 
which 
tappers in various ingenious ways. In 
Malava, for instance, it is done in some 
instances by driving bamboo or hard- 
wood pegs one above the other into the 
trees to be tapped and then tying rattan 
cane or saplings to them a few inches 
from the trunk to serve as ladders. Ad- 
joining smaller trees or lianas, as well as 
slings, may be used, or the tapper may 
employ a loop of rattan around both 
himself and the tree and then ascend, 
with the tapping holes that he makes as 
footholds, much as a lineman climbs a 
telephone pole. 

As the tapper ascends he makes semi- 
circular holes, usually one above the 
other, into the tree, the number and size 
of which are supposedly regulated, at 


least in some areas, by law. In Siam, 
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for instance, the minimum diameter of 
trees that may be tapped is 200 em., 75 
em. from the ground, and the holes must 
not exceed ten em. in length and five em. 
in depth with a distance of not less than 
30 em. between them. The 
sometimes carried into the crown of the 
trees where the best resin is said to be 
produced. 

The resin slowly flows into and very 
gradually hardens in these tapping holes, 
but is not collected until three or four 
months after each tapping. When it is 
collected the tapper enlarges the holes 
slightly in order to renew the flow of the 
resin. A normally producing damar tree 
in southern Sumatra yields from four to 
six pounds of resin two or three times a 
year, or a total of eight to 18 pounds per 
year. Large trees of Borneo sometimes 
furnish up to 50 pounds per year. 

In India black damar from species 
usually obtained by 
making vertical gashes round the base of 
the tree trunks and then building brush- 
wood fires against the trunks, which 
stimulate flow of the resin for several 
months. 

Classification and Grading. Damars 
are designated in trade by their points of 
entrance into commerce rather than by 
their geographical or botanical sources. 
There are three principal ports of ex- 
port: Batavia on the northwest coast of 
the island of Java, Singapore on the 
Malay Peninsula, and Padang on the 
west coast of Sumatra. The damars of 
southern Sumatra, together with a por- 
tion of the damar collected in Borneo, 
are sent to Batavia for export, while 
those from the northern and eastern por- 
tions of Sumatra, with the 
remainder of the produce from Borneo, 
are graded and exported at Singapore. 
Damar from the west coast of Sumatra 
enters commerce at the port of Padang 
and hence is known as “ Padang damar”’, 

Two varieties are graded at Batavia, 
depending upon whether the resin origi- 
nates in Sumatra or Borneo, and are 


holes are 


of Canarium is 


together 
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referred to, respectively, as ‘“ Sumatra 
damar” and “ Pontianak damar”; for 
export purposes both varieties are han- 
dled as “ Batavia damar”’. 

After delivery of the unassorted damar 
at Batavia or Singapore, the resin is 
scraped, screened, sorted, graded and 
packed for shipment. The supervision 
of collecting and sorting, 
forced by the Colonial Government, re- 
sulted in such uniformity in the exported 
resin that two samples of the same grade 
seldom showed variations of more than 
two points in such characteristics as acid 


at least as en- 


number, iodine number and melting 
point. 

Uses. Before modern man found in- 
dustrial uses for damars, or for any 
natural resins, the native peoples of 
Malaysia were using the exudations 
from trees that we now refer to as 


damars, for illuminating purposes in the 
form of torehes. Such torches were 
made by mixing the powdered resins 
with decayed wood, chips of bark and 
wood oil, wrapping the mixture in palm 
or other large monocotyledonous leaves 
into cylindrical or tapering form two 
feet or more in length, the whole being 
then often bound with split rattan. 
Torches of this nature are still in use to 
some extent, and Howes has the follow- 
ing to say about them: “In Java split 
bamboo may be used to hold the pow- 
dered resin, or the resin may be heated 
in an iron receptacle until plastic and 
then rolled into cylindrical rods on a 
board. For indoor illumination, these 
resin torches, or resin candles, as they 
may be more appropriately called, have 
largely been superseded by the more effi- 
cient and less smoky kerosene or par- 
affin lamp, but they are stated to be 
still in use in the more remote parts of 
Borneo and Sumatra. The torches are 
prone to smoke and require frequent at- 
tention if a column of thick black smoke 
is to be avoided. The interior of the 
dwellings where such torches are used 
are commonly much blackened by soot. 
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Some varieties of damar burn better 
than others as torches. Many of the 
dark damars, for which there is now 
little or no demand commercially, are 
well suited for torches. The torches are 
used as lanterns out-of-doors for driving 
bullock carts by night, etc., and for fish- 
ing. They may also be employed as fire 
lighters for which they are well suited in 
a damp climate ” 

In addition to these uses as illumi- 
nants, the Malaysians also utilized the 
damar resins for caulking boats, as oint- 
ment and in batik work. 

In modern industry damars, because 
of their pale color and good solubility, 
are of special value in the manufacture 
of spirit varnishes. The pale grades are 
made into crystal white paper varnishes 
and white enamels, and are commonly 
used for wall papers and other indoor 
decorative work. 

Damar resins are imported into the 
United States to the extent of 15 to 20 
million pounds annually and enter into 
a variety of industrial uses. Since they 
have the lowest acid numbers of any 
important natural resins, they are non- 
reactive and well suited for applications 
utilizing pigments of an alkaline nature. 
In cellulosic lacquers the light-colored 
damars impart the necessary adhesive 
qualities in addition to improving the 
gloss and hardness and preventing after- 
yellowing. For this purpose they must 
undergo a dewaxing process. The damars 
are modifying agents for alkyd resins, 
whether in clear or pigmented coatings, 
and have proven to be equal to the 
maleic-anhydride-rosin resins used for 
that purpose. The inclusion of damar 
in alkyd baking enamels markedly im- 
proves color retention and often gloss 
and hardness. Damar possesses the 
property of fume-proofness to a high 
degree and is used as an ingredient of 
fume-proof enamels. The non-reactive 
nature, light color and bleaching proper- 
ties have made it an indispensable in- 
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gredient in such materials as luminous 
paints, overprint varnishes and_ trans- 
parent oil varnishes in which the tend- 
ency of other resins to yellow upon aging 
is highly objectionable. 

Damar spirit varnishes made with low- 
priced hydrocarbon solvents provide 
articles such as toys and cheap jewelry 
with a bright and attractive finish for 
quick sale and short life, for spraying 
citrus fruit to improve gloss and reduce 
shrinkage from evaporation, for trans- 
parent window envelopes, for coating 
hard candies and for preparing shellac 
substitutes. 

The resin has a place also in the field 
of plastics and has been utilized in the 
preparation of injection molded objects, 
molding powders and rubber composi- 
tions. It has been used as a plasticizer 
for the linoxyn in linoleum and oileloth. 

When emulsified with water, damar is 
used in the preparation of no-rub floor 
and furniture polishes, printing inks, 
salves and ointments, in color photogra- 
phy and, when pigmented, as a dressing 
for white shoes and other leather acces- 
sories. In combination with other mate- 
rials, such as waxes and chlorinated rub- 
ber, damar is a constituent of chemically 
resistant coatings, waterproofing compo- 
sitions, impregnating media for paper, 
cardboard and textile fabrics, matches 
and pyrotechnic materials, waxes for 
dance floors, and adhesives for various 
purposes. 

Damar wax, obtained through the de- 
waxing process as a byproduct of lacquer 
manufacture, is available in large quan- 
tities, and in this unpurified condition is 
largely used as a cheap filler in various 
industrial processes. In addition to the 
damar components obtained by dewax- 
ing processes, other modifications of raw 
damar are possible. Although low in 
acid value and non-reactive as a varnish 
constituent, damars and damar acids can 
be esterified with small amounts of 
glycerine to produce materials similar to 
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ester gums. Damar can also be acety- 
lated to produce a product of exceptional 
resistance to alkali. 


Dragon’s Blood 


Sources. Since the time of Dioscorides, 
Pliny and other early writers, a deep red 
resin, long known as “ dragon’s blood”, 
was for centuries highly esteemed by the 
Greeks and Romans for its alleged me- 
dicinal properties. The Arabs also were 
familiar with it as “ dam-ul-akh-wain ” 
Its production was limited to the island 
of Socotra in the Indian Ocean near the 
coasts of Arabia and Somaliland, and its 
botanical source was the Liliaceous tree, 
Dracaena cinnabari Balf. In the 15th 
century a similar resin was collected 
from D. draco L. by the early voyagers 
to the Canary Islands, and still later 
others came into trade from various spe- 
cies of Daemonorhops, climbing jungle 
palms and the sources of rattan canes in 
Borneo, Malaya and Sumatra. Sumatra 
has been the main source of supply in 
recent years. 

Collection. Dragon’s blood from Dra- 
caena is collected from incisions made 
in the stem, but in the rattan palms it 
is gathered from the surface of the im- 
mature, cherry-sized, sealy fruits. In 
the latter case, which is the principal 
commercial source today, the resin is 
dislodged from the fruits by drying and 
then beating or shaking them in bags or 
baskets with cockle shells or other coarse 
objects to assist in loosening the resin 
which is then marketed either in irregu- 
larly shaped masses or first heated and 
molded into sticks. Batavia and Singa- 
pore have been the main ports of trade. 

Uses. In the eighteenth century the 
great Italian violin makers used dragon’s 
blood in their varnishes, and the mate- 
rial has since been utilized in mahogany 
stains, in coloring marble red, in incenses 
and in preparing gold laequers. Medici- 
nal values were at one time attributed 
to it in Europe for treating dysentery 
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mit. 
' aes: 


Fic. 5. Collecting congealed resin from the 
upper parts of a damar-producing tree, Shorea 


javanica, 


and as an astringent in toothpowders. 
Its use today is more or less limited to 
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colored spirit varnishes and lacquers for 
metals, and to zine line engravings where 
it serves to protect from the etching acid 
those parts of the metal which are not 
to be etched. 


East Indias 


Sources and Terminology. The so- 
called East India resins are products of 
trees in the same genera (Hopea, Shorea, 
Vatica) as are those yielding Batavia 
and Singapore damars, but, unlike the 
latter, they are of greater age and hard- 
ness, for they are gathered, not by tap- 
ping the trees but as natural exudations 
on the trees or from the ground where 
they have fallen or been transported by 
streams. They are divided into three 
classes: Pale East India, Black East 
India and batu. They are therefore re- 
garded as semi-fossilized hard damars, 
and Pale East India is marketed in two 
grades, hiroe and rasak. The former is 
collected principally from species of 
Shorea in Borneo and the Molucean 
Islands, and is exported from Macassar; 
the latter is collected principally from 
species of Vatica in Borneo and Malaya, 
and is exported from Singapore. The 
two terms, however, are not exactly 
alternates for the two ports of export; 
they are based upon differences in the 
resins, and Pale East India Singapore 
contains a portion of hiroe, whereas Pale 
East India Macassar contains a portion 
of rasak. Both the Macassar and Singa- 
pore varieties are marketed in the same 
four grades—bold, nubs, chips, dust 
according to size of particles. The resins 
of Singapore packing are dark red or 
brown; those of Macassar packing, paler 
and reddish yellow. 

Black East India is quite black, some- 
times covered with a gravish powder, 
and is gathered mainly in Java and 
Madoera, to a smaller extent in Malaya. 
It is known also as “damar hitam” 
“hitam ” being Malayan for black, and 
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is graded as * bold scraped’, * bold un- 
scraped” or “nubs and chips’ 

“Batu” means * and the ex- 
pression ‘“damar batu”’ indicates that 
the resin is found as stones or pebbles 
are found, not that the pieces physically 
The material is always 
a mixture of resins from a number of 
species of Hopea, Shorea and Vatica, 


stone ” 


resemble stones. 


whereas the other East Indias are more 
The principal sources of 
batu are Celebes and Borneo, and the 
resin, light yellow to dark brown, is 
“unseraped ”, 
“duet”. 
genung is 


homogeneous. 


graded as “scraped ”, 
“nubs and chips”, “chips” and 

Collection. Damar batu 
found in dry places, 7.e., in or on the soil, 
but the other three forms of batu are 
collected from places to which they have 
been transported by water. These may 
be at the seashore (damar batu laut), in 
sand banks of river beds or former river 
beds (damar batu pasir) or in river or 
sea water (damar batu aer). 

In former river beds quite sizeable de- 
posits are found. Usually the pieces of 
resin have attained a rounded form simi- 
lar to river pebbles, but under the influ- 
ence of long immersion, the surface is in 
a more or less deteriorated condition. 
From such varieties of batu much resin 
must be scraped off to obtain a market- 
able quality. The genung variety, on 
the other hand, lacking the water expo- 
sure of the other batus, is much harder 
and requires but a minimum of surface 
cleaning. 

It is impossible to state the age of 
batu resins, for it is not known how long 
ago they fell to the ground and were 
transported by water and 
3atu resins frequently contain a consid- 


deposited. 


erable amount of water which must be 
removed. This is usually done by the 
importer. 

Some rasak and hiroe resins also are 
collected in the same localities as batu, 
but are found for the most part on the 
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tree or at its base. Both rasak and hiroe 
have the advantage of being quite uni- 
form, originating from one or two tree 
species only. Batu is always a mixture 
of resins from quite a number of dif- 
ferent tree species, including those of 
Shorea, Hopea and Vatica. 

The black East India resins are found 
on trees as well as in the earth or water, 
being transported in the manner of the 
batus. 

Uses. East India resins are used in 
floor varnishes, grinding vehicles, prim- 
ing coats for metal, enamels, sanding 
sealers, mill whites, and as vehicles for 
oil-base traffic paints. In floor varnishes 
and traffic paints, East Indias are par- 
ticularly suitable, since they show out- 
standing resistance to abrasion and chip- 
ping. Excellent but inexpensive spar 
varnishes can be formulated with them, 
and as vehicles they show the best leaf- 
ing properties of all the natural resins 
when employed in aluminum paints. 

These resins have been found to im- 
prove markedly the adhesion of rubber 
cements to wood, leather and cloth, and 
are added in the form of petroleum 
naphtha solutions. They also enter into 
linoleum cements, and various other spe- 
cialized uses have been found. 


Elemi 


Sources. The term “elemi” is applied 
collectively to many oleoresins of differ- 
ent origin and contrasting character- 
isties, and has been incorrectly used in 
connection with some of the softer copals. 
One list of them cites 46 kinds. The 
botanical sources of many are unknown, 
but they all resemble one another in con- 
sisting of mixtures of resins and essential 
oils. Some are rather soft, others hard, 
and the soft ones may become hard with 
the passing of time. Most of them are 
aromatic, because of their high content 
of essential oils, and are derived from 
members of the Burseraceae. 
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The only important one is Manila 
elemi, obtained from Canarium luzoni- 
cum A. Gray, a large tree of the Philip- 
pines. Before further considering this 
resin, let us list, with a few notes, the 
less important ones from other parts of 
the world, as noted by Howes. 

Africa. Canarium schweinfurthii Enel. 
is thought to have been the source of 
small amounts that have come from Ni- 
geria, and possibly of similar resins from 
Liberia and the Cameroons. The resin 
is used there by the natives for fumi- 
gating dwellings and, when mixed with 
oil, for anointing their bodies. 

East Indies. Many species of Cana- 
rium in the East Indies and the Malay 
Archipelago yield oleoresins of the elemi 
type. 

Mauritius. Here, too, species of Ca- 
narium yield oleoresins. 

Mexico. At one time Yucatan elemi 
from species of Amyris was second in 
volume of trade only to Manila elemi 
and was used in lieu of Canada balsam 
as a mounting medium in microscopy. 
Mexican elemi from the same 
genus, 

South America. Brazil has been the 
source of elemi exported under four 
headings—true, hard, bastard and yel- 
low. The so-called true elemi is believed 
to be obtained largely from Bursera 
leptophloeos Mart. and B. gummifera L.; 
hard elemi from Protiwm icicariba DC. 
and P. heptaphyllum Aubl. The latter 
species is regarded as the source also of 
the tacamahaca resin or elemi of Colom- 
bia and Venezuela. In the northern part 
of the tree’s range the Indians use the 
resin, called “tacamaha”, to scent the 
oil with which they anoint themselves. 
Bastard and vellow elemi (so-called) are 
stated to be derived from the Guttiferae, 
notably Calophyllum brasiliense Camb. 
and Symphonia globulifera L. 

West Indies. West Indian elemi is 
collected from mountain gommier (Dac- 


comes 
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ryodes hexandra Griseb.), a large tree 
of the West Indies at higher elevations. 

Collection. As already stated, the 
greater part of the world’s supply of 
elemi is obtained from Canarium luzoni- 
cum, a tree of the Philippines which 
attains heights up to 100 feet and a di- 
ameter of three. Tapping may be per- 
formed in almost any season by making 
gashes in the trunk, and collection is 
carried out after the resin has partly 
solidified. A more detailed account of 
these operations, published more than 
40 years ago but true for the most part 
today, reads as follows *: 

“The tree Canarium luzonicum is 
widely distributed in the Philippines and 
is known to the Tagalogs as ‘ pili’. Pili 
resin is commonly known by the Spanish 
term ‘brea’ which is applied by the 
natives indiscriminately to all similar 
products. The resin is obtained by re- 
moving a narrow strip of bark horizon- 
tally about the trunk of the tree in four 
or five different places. A thin trans- 
parent fluid soon appears about the ex- 
posed part and in time becomes some- 
what viscous and opaque. The amount 
of resin increases for a month or so, 
gradually falling several inches below 
the cut and in time taking on the ap- 
pearance of a cataract. If the resin is 
not frequently removed, it hardens on 
the outside and generally takes on a yel- 
lowish color. Often several accumula- 
tions of at least 10 pounds of resin occur 
on large trees, probably within a few 
months. For commercial purposes the 
resin is required to be as soft, clean, and 
colorless as possible, so with this in view, 
it is carefully removed from the tree at 
definite intervals and not allowed to 
accumulate. When a tree is continu- 
ously used for resin it is customary 
about once a vear to remove the bark 
for a couple of inches above the last cut. 
Many trees are to be found which have 


3 Clover, The terpene oils of Manila elemi. 


Phil. Jour. Sci. 11A: 1-40. 1907. 
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evidently been long employed in this 
manner and which give evidence of this 
gradual removal of the bark for several 
feet up and down the trunk ”’. 

Uses. Manila elemi, or brea, has long 
been used by the natives of the Philip- 
pines in caulking boats and for torches. 
For the latter purpose the very sticky 
resin when freshly gathered, in the words 
of Howes, “ is kneaded on the ground by 
beating with a piece of wood until suffi- 
cient dirt has been mixed with it to 
make it stiff, when it is rolled into shape 
and wrapped in a palm leaf. The torches 
give a brilliant light and burn for a long 
time”. This author also reports that 
“a good deal has been exported to China 
where it is reputed to be used for making 
transparent paper for window panes in 
place of glass ” 

In modern technology, elemi finds ap- 
plication as a plasticizer, conferring in- 
creased adhesion to lacquers applied to 
metal surfaces; in adhesives and cements, 
wax compositions, printing inks, surface 
coatings applied to textiles and paper, 
linoleum and oileloth, as a base in per- 
fumery, as an ingredient in waterproof- 
ing compositions, as well as in engraving 
and lithography. It has also been uti- 
lized in the preparation of salves and 
plasters for medicinal purposes, and as 
a plasticizer in the manufacture of hats, 
spirit varnishes and bronzing liquids. 
When added in small quantities to 
lacquers and spirit varnishes, it mark- 
edly improves the ease of brushing as 
well as adhesion and flexibility. 


Kauri 


Source. Kauri resin, known also as 
“kauri gum ” and “ kauri copal ”, is the 
product of only one species, kauri pine 
(Agathis australis (Lamb.) Steudel) of 
New Zealand. Not a true pine but a 
member of the Araucariaceae, this tree 
is a monarch of the forests in New Zea- 
land where it occurs only in the northern 
part of North Island and has attained 
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Kia. 6. A closer view of the notch and dome method of tapping and collecting damar resin 
from Shorea javanica, 








236 ECONOMIC 


feet and diameters 
It is thus among 


heights up to 200 
approaching 30 feet. 
the largest timber-producing trees in the 
world and attains an age of 2,000 years 
or more. In times gone by these trees 
covered hundreds of thousands of acres, 
but now only some 35,000 acres of dense 
virgin kauri forest remain, in addition 
to mixed forests of kauri and podocarps 
and cut-over lands with young trees. 

Collection. Kauri resin is obtained 
principally in a fossilized or semi-fossil 
state from the earth on sites of present 
or former kauri forests. It has often 
been claimed that the reserves of the 
resin are being rapidly depleted and that 
there will be complete exhaustion in the 
near future. Such statements and be- 
liefs are not substantiated by surveys 
conducted by the New Zealand Govern- 
ment in 1924. Those surveys were made 
a quarter of a century ago, and the pic- 
ture may have changed since then, but 
at that time they reported as follows: 

“Taking the total acreage of gum- 
bearing land, both private and Govern- 
ment, that could be profitably rubbled, 
as 300,000 acres, which is a low estimate, 
it would take 600,000 men one year to 
rubble the whole of the 300,000 acres on 
the basis of two men rubbling one acre 
in one year. As the industry under pres- 
ent conditions cannot absorb the output 
of 3,000 men, it would take that number 
of diggers 200 years to rubble the 300,000 
acres. On a conservative basis, and 
making due allowance for an increase in 
demand in the future, it can be taken 
that the kauri gum-bearing lands will 
provide medium and low grade gums to 
meet the overseas demand for well over 
100 years ”’. 

In general, the resin-bearing soil ex- 
tends to a depth of only five feet and 
rests on a sandstone bottom, but in deep 
swamps the deposits may be worked con- 
siderably below this depth. The resin is 
located by use of steel spears, five to ten 
feet long but only one-quarter square 
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inch in cross section, tapered to a point 
at one end and fitted to an old spade 
handle at the other. The diggers base 
their trial thrusts in new locations on 
previous surveys, and as they force their 
spears into the ground they are able to 
detect whether the points encounter 
resin. If the extent of a deposit appears 
worthwhile, the ground is spaded by 
hand, six feet wide and ten to 15 feet 
deep. In wet soil the depth is frequently 
limited by the amount of water which 
may accumulate in the excavations. 
These holes are quite destructive to the 
landscape and must be filled in if eculti- 
vation of the land is to follow. 

When working wet locations a pump 
is in continual operation. The pumps 
used are quite crude, consisting merely 
of a wooden plunger within a length of 
metal piping fitted with a spout. If 
electric power is available, a small rotary 
pump is sometimes used. 

The use of mechanical apparatus to 
speed up the digging operation has been 
tried but proved to be impracticable be- 
limbs and roots 

In certain de- 


cause of the large logs, 
which obstruct progress. 
posits use of steam shovels for removal 
of the overburden has proved satisfac- 
tory. The logs buried in the ground are 
large and the wood is sound lumber. 
Yemoval by explosives has not been suc- 
cessful, and it has been found necessary 
to saw the logs into sections and remove 
them with bullock teams. 

The natives of New Zealand, the Ma- 
oris, produce very little of the total resin 
collected. After 1860, European diggers 
were employed, and in 1890 a number of 
Slavonic emigrants were engaged in this 
industry. These men are tall and of 
splendid physique and are well able to 
stand the hard work as well as the isola- 
tion of the resin-bearing districts. In- 
dians and Chinese laborers have been 
tried but both found the work too hard 
and disliked the isolation. 

The resin when dug from the ground 
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is covered with earth or clay. Part of 
this is removed by the diggers at the 
spot by washing in tubs and sieves or 
rotary cylinders. The better qualities 
are also partly scraped with a knife to 
remove most of the dirt. After this treat- 
ment the resin is roughly sorted by the 
diggers and sold to brokers or direct to 
the exporters in Auckland. At the ex- 
porter’s warehouse the resin is further 
cleaned and re-sorted to grades. 

Resin obtained from the swampy peat 
moors is known as “swamp resin”, 
whereas that obtained from the clayey 
localities is termed ‘“ range resin” and is 
lighter in color. Porous, soft, white resin 
found with the brown variety is known 
as “chalk”. The white and brown vari- 
eties are roughly separated from each 
other by immersion in water; the white 
floats and the brown sinks. 

The other variety, bush or bled resin, 
is obtained by tapping the trees and col- 
lecting after about six months, or by 
gathering the hardened resin produced 
by accidental wounds or normal exuda- 
tion. Most of the latter is found lodged 
in the forks of tree branches. Tapping 
contributes very little to the total sup- 
ply and is prohibited on government 
reserves, 

With an increased demand for low- 
grade kauri, principally for the linoleum 
industry, it became profitable to rework 
ground previously combed for the bold 
sizes. This operation is known as “ rub- 
bling”. The small pieces of resin are 
known as “chips” and apparently owe 
their formation to the flattening out and 
hardening of droplets falling on the 
swampy ground in a plastic condition. 
The richest chip areas are in the table- 
lands in basins of from one-half to ten 
acres, 

The chips occur in seams two to four 
feet below the surface. The resin is ob- 
tained by stripping off the top soil and 
digging out the resin-bearing earth. The 
earth is removed by putting the earth- 


HARD RESINS 2at 


resin mixture in a sieve-bottomed tank 
(about 20 mesh) equipped with an agi- 
tator and flushing out with a continuous 
stream of water. Fibrous vegetable mat- 
ter is removed by further screening and 
winnowing. During these latter opera- 
tions the resin is also graded to size. 

In the early days of gum digging in 
New Zealand, when thousands of men 
were engaged in unearthing the “ range ” 
variety, pieces up to 100 pounds in 
weight were found; and masses of the 
exuded resin weighing as much as 50 
pounds have been found still attached to 
trees. All the material collected today 
is of very much smaller size, and solvent 
extraction has been resorted to in efforts 
to wring the last drop of resin from the 
remains of old buried kauri trees down 
to a depth of 30 feet. 

Uses. It has been stated that even as 
the English varnish maker made the 
reputation of kauri, so kauri made the 
reputation of the English varnish maker. 
It has long been the favorite of all var- 
nish makers, as it is easily fused or 
“run” with drying oils. Its varnishes 
were long a standard of quality because 
of their high degree of elasticity and 
Like Congo, kauri imparts 


durability. 
Considerable 


depth of gloss to its films. 
quantities of the lower grades are used 
in the manufacture of linoleum and re- 
lated materials. 

Attempts have been made to utilize 
waste kauri wood as a source of paper 
pulp. The pulps furnished paper of ex- 
cellent strength and quality, with fibers 
longer and coarser than those from com- 
mercial coniferous wood. Although they 
did not bleach well with the same amount 
of bleach used for spruce pulp, a pale 
cream-colored paper was produced. 


Manilas 


Sources. Manila resins, known also 


as East Indian and Manila copals, are, 


next to Congo, the most important of the 


copals. Like kauri, they, too, are the 
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exudations of Agathis trees, but of dif- 


ferent species. The species concerned 


are a matter of controversy; one author- 
itv has traced them all to a single spe- 
cies, Agathis alba (Lam.) Foxw., the 


amboyna pine, whereas another attrib- 





Fig. 7. 


utes them to several species. Howes, in 
his recent book, says that they all come 
from A. alba, although he also states 
that “ resin has been obtained from cer- 
tain other species of Agathis besides A. 
alba and A. australis, e.g., A. 
(syn. A. robusta) (Queensland), A. 
moore: and A. (New Caledonia), 


browni 


ovata 
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A. macrophylla (Solomon Islands) and 
A. vitiensis (Fiji)”. The greater part of 
the resin that enters commerce is defi- 
nitely from A. 
we shall consider that species as the only 
source of Manila copal. 


alba, and in this account 


Sorting Batavian damar for market 


Agathis alba (Araucariaceae) is a tall 
conifer, attaining heights up to 200 feet 
and diameters of six feet or more, wide- 
spread in the East Indian region from 
Sumatra, throughout Malaysia to the 
Philippines, Molueeas and into New 
Guinea. It is Cochin 
China but in Java is only a cultivated 


present also in 
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tree. In the southern islands of the 
Philippines it is very common. Shorea 
and Hopea trees, which yield damar, 
occur mainly in the western portion of 
the East Indies archipelago; proceeding 
eastward, the damar-producing trees de- 
crease in number, whereas Agathis trees 
become more numerous. 

Production of Manila copal originated 
in the Philippine Islands where both the 
tree and its resin are known as “ alma- 
ciga’”’. The name “ Manila” was taken 
from the port at which the resin entered 
commerce, and was later retained after 
greater quantities came from Celebes 
and the Moluccas through Macassar. 
Today Borneo, Celebes, the Moluceas 
and New Guinea furnish the bulk of 
Manila copal, and total annual produc- 
tion in some years has been in the 
neighborhood of 15,000 tons. 

In Malaya the trees occur only at 
higher elevations, and there, as well as 
in some parts of the East Indies, the 
tapped resin, for some unknown reason, 
does not harden. It is known as “ syrup 
copal’”’, and to the natives as “ damar 
minyak ”, 

Collection. Manila resins are obtained 
by tapping the trees, from accidental 
wounds and by digging. The method of 
tapping is considerably different from 
that of damar, since the resin from 
Agathis trees is obtained from the bark 
only. Pieces of bark are removed and 
the exposed wood cleaned to provide a 
surface for the resin to exude and harden 
upon. After every collection of the 
exuded resin a thin slice of bark is re- 
moved from the upper edge of the wound 
to provide new openings in the resin 
ducts and thus stimulate flow. Average 
production is 26 pounds a year per tree. 
Minimum diameter of trees for tapping, 
and size and number of tap wounds are 
regulated by law. Resin obtained in 
this way by tapping is termed “ loba ” 
if it has remained on the tree for some 
time and has hardened, “ melengket ” if 
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it is still soft and from recently tapped 
trees. 

Fossil Manila is obtained in Indo- 
nesia, principally Celebes, where it is 
known as “ boea”’. Some of it is gath- 
ered as lumps up to 40 pounds in weight 
from the forks of large trees. Because 
of its light color it is called ‘“ white 
” and collection of it is an arduous 
task, since it occurs in the trees at con- 
siderable heights. The natives ascend 
the trees with the aid of wooden pegs 
driven into the trunks, or use other 
means for the same purpose. These ex- 
uded masses of resin are probably the 
result of fissures in the trunk caused by 
high winds. Darker grades, referred to 
as “brown boea”, are found in the 
ground, also in large masses, where they 
have fallen from the trees or have ac- 
cumulated as root secretions. 

In Borneo a semi-fossil grade, known 
as “ pontianak ”’, is obtained by severing 
the ends of branches and gathering the 
exuded resin. 

Classification and Grading. Manila 
resins are classified and graded accord- 
ing to the following scheme: 


boea 


Resins from tapped trees 

Product gathered within two weeks after 
each tapping and known as “ melengket ” 
or “soft Manila copal”; graded into six 
grades on the basis of softness, color, 
contamination, size of particles or of 
being mixed with one of the grades of 
loba. 

Product gathered one or more months 
after each tapping and known as “ loba ” 
or “half hard Manila copal”; graded 
into seven grades on the basis of color, 
contamination, size of particles or of 
being mixed with one of the grades of 
melengket. 


Resins from accidentally wounded trees 

A semi-fossil, hard Manila copal gathered 
from wounds after a few years and 
known as “ pontianak ”; graded into five 
grades on the basis of color, size and 
contamination. 

A fossil Manila copal gathered from the 
erotches of trees or dug up after long 

a 


periods underground and known as 
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“boea ”; graded into seven grades on 
the basis of color, size and contami- 
nation. 


The softest grades, gathered one to 
two weeks after tapping, are the meleng- 
kets and arrive on the market as lumps, 
free from any surface crust. Half-hard 
Manila, or Manila loba, is the designa- 
tion of material gathered one to three 
months or more after tappings. The 
resin in them has become hard enough 
so that the pieces do not block together 
as they do in soft Manila. It is scraped 
free of surface impurities and graded 
according to size of the pieces. The 
smallest size in any resin is known as 
“dust”. The Manilas are designated 
also as Macassar, Singapore and Philip- 
pine Manilas, according to the ports at 
which they enter commerce and regard- 
less of other bases on which they are 
classified; and within the designations 
Macassar Manila, Philippine Manila, 
Singapore Manila, boea and pontianak 
there are 30 grades based on color, hard- 
ness and size of pieces. 

Uses. The major applications of Ma- 
nilas are in oil and spirit varnishes and 
paints, for which they are adapted by 
their light color and wide range of solu- 
bility and hardness. Boea is employed 
in the preparation of oil varnishes, to 
which the resin imparts hardness and 
durability. Pontianak finds use also in 
oil varnishes, to which it imparts char- 
acteristics similar to those of boea, and 
also finds applications as a spirit-varnish 
resin. The varnish resin pontianak 
should not be confused with the rubber 
type of material known as “ jelutong ” 
or “ gutta siak ”’, a latex produced by the 
Malayan tree Dyera costulata and often 
termed “ pontianak ” in the rubber trade. 
The lobas and melengkets are seldom 
used in oil varnishes, since they are 
somewhat more difficult to render oil- 
soluble, but are extensively used in spirit 
varnishes for a multitude of purposes 
and in the production of lacquers and 
spirit-type paints. 
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Since soft and half-hard Manila copals 
have a hardness equal to that of shellac, 
although their spirit-varnish films are 
somewhat more brittle, they are fre- 
quently used as the basic material in the 
preparation of shellac substitutes. The 
solubility of these resins in aqueous 
alkaline solutions has led to their use as 
sizing materials and in a variety of other 
applications for which water-dispersible 
resins are required. The Manilas also 
have numerous other applications, among 
which are the preparation of plastics, 
japans, driers, linoleum, oilcloth, water- 
proofing compositions, polishes, printing 
inks and adhesives. 


Mastic 


Source. Gum mastic is the resinous 
exudation of trees in the genus Pistacia 
(Anacardiaceae). Chios mastic, the 
principal commercial variety, is the pro- 
duce of P. lentiscus L., a small evergreen 
tree, often only a shrub, widely dis- 
tributed in Mediterranean regions and 
occurring mainly in coastal districts 
from Portugal and southern Spain to 
Greece, Syria and Palestine, as well as 
in Morocco and Tunis. The species is 
polymorphic, appearing in several forms, 
and a variety of it has been recorded 
from British Somaliland and Kenya. It 
is especially abundant on the island of 
Chios (Scio) in the Aegaean Sea where 
since ancient times it has been the prin- 
cipal commercial source of this age-old 
resin. Neighboring islands may contrib- 
ute to the resin exported from Chios, 
but, while the material has been col- 
lected at times on Cyprus, Samos, Pan- 
tellaria and Sicily, no regular trade in it 
from these localities has been reported. 

Indian or Bombay mastic, which is 
very similar to Chios mastie but darker, 
is obtained from P. khinjuk Stocks and 
possibly other species of the genus. This 
shrub or small tree is common in the 
mountains of Baluchistan and is also in 
Afghanistan. 


Collection. Mastic resin is confined 
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to the bark, being absent from the wood, 
and exudes spontaneously in drops which 
fall to the ground or remain attached to 
the trees. While these natural exuda- 
tions are collected, they are insufficient 
for commercial exploitation, and tapping 
is therefore resorted to. This is accom- 
plished by making small vertical in- 
cisions in the bark of the stem and main 
branches about the middle of June and 
picking off the hardened resin three 
weeks or so later. Three distinct grades 
are recognized by dealers: first grade— 
that picked from the trees as natural 
exudations and in the incisions; second 
grade—that collected from stones placed 
on the ground about the trees to ecateh 
the fallen droplets; third grade—that 
which has fallen on and become con- 
taminated with soil. 

The product from tapped trees gradu- 
ally becomes poorer in quality as tap- 
pings are repeated, and satisfactory resin 
is usually vielded by any one tree only 
about four years. The harvesting period 
extends from July to October, and the 
average annual yield per tree ranges 
from eight to twelve pounds. 

Uses. Mastic has been known and 
used in Mediterranean countries since at 
least 400 vears before the Christian era 
when Theophrastus wrote about it. Its 
use at that time and for ages after was 
as a masticatory to sweeten the breath 
and preserve the teeth and gums. It 
also found some medicinal use and was 
later employed to flavor cordials and 
other alcoholic beverages. 

Today mastic is employed primarily 
in the manufacture of high grade trans- 
parent varnishes for special purposes. 
The elasticity of such varnishes is quite 
high, and for centuries they have served 
as protective coatings for fine paintings, 
being readily removed by friction or sol- 
vents without injury to the paintings. 
The gelatinous material known to artists 
as “megilp” (from MecGuilp, its inven- 
tor) consists of mastic, turpentine and 
linseed oil. 
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Mastic has been used also in photog- 
raphy and in cements for precious stones 
and their imitations. A surgical varnish 
containing mastic, castor oil and benzene 
is said to be used as a protective cover- 
ing for wounds and to hold gauze and 
radium needles in position. In addition 
to these uses in spirit varnishes, lacquers 
and adhesives, there has been utilization 
also in some lithographic processes and 
as a constituent of incense. 


Sandarac 


from 
Mast. 


obtained 
(Vahl) 


Sandarac is 
articulata 


Source. 
Tetraclinis 
(Callitris quadrivalvis Vent.) (Pina- 
ceae), a small tree of North Africa. 
Australian species of Callitris are also a 
source of the resin. 

Collection. The Tetraclinis trees 
which furnish the sandarac of commerce 
are cultivated on the southern slopes of 
the Atlas Mountains in Algeria and Mo- 
rocco, and the resin, since it enters com- 
merce through the port of Mogador in 
Morocco is frequently termed ‘‘ Mogador 
sandarae ”. Collection of it is similar to 
that of mastic, incisions being made in 
the trees to stimulate the flow. The exu- 
dation is transparent at first but gradu- 
ally becomes opaque as a result of oxi- 
dation and evaporation from the surface 
of the globules. As in the case of mastic, 
there are two grades, depending on 
whether the resin is collected from the 
trees or from the ground beneath them. 

Uses. In the past sandaraec found 
favor in lacquers and spirit varnishes for 
coating paper and finishing wood and 
metal. One of its largest applications 
was as a primer for metal surfaces to 
which it provides a high degree of ad- 
hesion. Sandarac was also used in book- 
binders’ and spirit varnishes and lacquers 
for photographie work, and as a con- 
stituent of incense and dental cements. 
It gives pale hard spirit varnishes of 
high luster, and is particularly adapted 
to the finishing of metal objects. Many 
of its uses are in combination with mas- 
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tic and elemi. With mastic, sandarac 
used for many years in the 
preservation of fine paintings. 

At one time it was used in powdered 
form as pounce to absorb excess ink, for 
preparing the surface of parchment for 
writing, and also as incense, since it is 
somewhat aromatic. While alcoholic so- 
lutions of it on cotton wool have been 


has been 


Utilization 


Geranium Oil. “ Geranium oil, probably 
as widely used for perfuming purposes as 
any essential oil”, is obtained from several 
species of Pelargonium native to South 
Africa, and from their varieties and hybrids. 

“Although there are over 300 different 
varieties of the geranium plant, and while it 
ean be grown almost anywhere in the world 
under varying climatic conditions, there are 
but two principal sources of the oil. These 
are French North Africa where the African 
oil is especially cultivated in the Mitidja 
Valley east of Algiers; and French Reunion 
Island, a tiny volcanic island situated in the 
Indian Ocean just off Madagascar. Since 
Reunion Island was known until 1848 as 
Bourbon Island, the oil from there is gen- 
erally referred to as Bourbon geranium oil. 
These two oils are of somewhat. different 
types, and in addition to these two main 
sources of supply, there are some plantations 
near Grasse, in French Morocco, in Kenya 
(English Africa) and in the Belgian Congo ” 

“Geranium plants are started with shoots 
taken from full grown plants at least a year 
old. Plants may grow three to five feet 
high, but under adverse climatic conditions 
may not grow higher than one and a half 
feet. The leaves and stems, rather than the 
flowers, contain the greater part of the essen- 
tial oil, so nearly the entire plant above the 
ground is harvested for distillation. Ordi- 
nary distillation methods are followed at the 
factories, generally in large copper stills em- 
The oil has a 


specific gravity of less than 1, so it separates 


ploying steam or direct fire. 


easily from the distilled water. The normal 
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utilized as temporary tooth fillings and 
Arabs have used the resin in treating 
diarrhea, present day pharmaceutical 
use is more or less limited to varnishing 
pills. It is reported also to have been 
used by the aborigines of Victoria along 
with lashing in fastening hardwood spear 
heads to the reeds used in constructing 
those instruments. 


Abstract 


yield is about one kilogram per thousand 
kilograms of plants”. 

“There are two crops of the African oil 
annually, a Spring crop in May and June, 
and a Fall crop in September and October. 
The normal yield per acre from an African 
plantation is 2 to 24% kilos during the first 
year; 10 to 12 kilos during the second year; 
5 to 6 kilos during the third, fourth and fifth 
years; and 134 to 2% kilos during the sixth 
year”. 

“Reunion Island, where the 
ranium oil is produced, has a total area of 
only 970 square miles, predominantly moun- 
tainous and of irregular lava formation. 
There are two crops of Bourbon oil annually, 
the first from mid-January to mid-March, 
and the second during October and Novem- 
ber. The yield runs as high as 14 to 18 kilos 
per acre”. Cyclonic storms over Reunion 
are very frequent, as they are all over the 
Indian Ocean, and do considerable damage 


Jourbon ve- 


at times to the geranium crop. 

“Not only is the oil itself used for per- 
fuming and perfume compounding purposes, 
but it is also used as source of rhodinol, an 
isolate which is extremely important in the 
creation of perfume compounds ”. 

Annual imports of the oil into the United 
States prior to 1940 varied from 125,000 to 
150,000 pounds. In 1940 they rose to 
164,300 pounds, by 1943 had fallen to 6,300 
pounds, rose to over 188,000 in 1945, and for 
the first seven months of 1949 totaled 38,700 
pounds. From less than $4 per pound before 
1940 the price reached a peak of $30 in 1942 
(Anon., Drug 
1950). 


and has fallen to about $15. 
& Cosmetic Industry 66: 30. 


Brush-Making Fibres' 


Fibres from palm leaf-bases of the tropics clean our 
streets and fibres from agave plants of Mexico clean our 
clothes, while fibres from a variety of other plants enter 
into the manufacture of a variety of brushes for special- 
ized industrial uses. 


R. H. KIRBY 


Characteristics of Good Brush- 
Making Fibres 


Brushes are used for many purposes. 
Sometimes they are tools in the hands of 
a workman, as in the case of paint, dis- 
temper and chimney-sweeps’ brushes, or 
they may be an integral part of a ma- 
chine, as in paper-coating, wool-dabbing 
and furnisher brushes. They may be 
strong wiry brushes, as are used on 
road-sweeping machines, or delicate soft 
brushes used to dust certain parts of 
radio equipment, or may be required to 
stand up to water, acids, alkalis or 
molten metal. If used for the applica- 
tion of paint or other material, they 
must be able to take up the material and 
release it gradually so that it can be 
applied regularly to the object being 
painted. Moreover, whatever material 
is used in the brush, it must be capable 
of recovering its normal position after 
repeated use and must be so set in the 
handle of the brush that it will not fall 
out. 

The experienced brush-maker, there- 
fore, must choose his material according 
to the purpose for which a brush is re- 
quired. He knows that pig’s bristle will 
take up paint and release it gradually, 
and that horse-hair, although a very 


1 Adapted from articles in Fibres (9: 389, 427, 
469. 1948; 10: 44, 126. 1949) with specially pre- 
pared introductory paragraphs by the author 
whose address is Colonial Products Advisory 
Bureau, Imperial Institute Building, London, 
S.W. 7, England. 


bo 


good substitute for bristle, is not so re- 
silient and not have the holding 
power of bristle. He knows, too, that 
some vegetable fibres will stand repeated 
immersion in water and still retain their 
resilience. 

Another factor which greatly influ- 
ences the brush-maker when choosing his 
raw material is the price at which the 
brush can be sold, and whether it is to 
be hand-made where the higher cost of 
labour demands use of the best materials 
available, or whether it is to be made by 
machine. If the latter, the material used 
must be able to withstand being bent 
almost double without breaking, since 
making brushes by machine involves 
foreing a tuft of fibre into a wooden or 
plastic handle, doubling it in two and 
retaining it in the stock with a wire 
anchor. If the fibre is too coarse the 
anchor will not penetrate the stock, and 
delays will occur in production. If the 
fibre breaks, the tufts will become loose 
in the stock and fall out as soon as the 
brush is used. 

The chief materials used in brush- 
making are bristles from the pig or boar; 
horsehair; cow-hair; “soft” hairs from 
sable, kolinsky, squirrel, weasel, skunk, 
ring-cat, goat, etc., for artists’ pencils; 
whalebone; and vegetable fibres. In 
recent years nylon and, on a much 
smaller some other man-made 
fibres, have taken the place to some 
extent of the natural fibres for some 
brushes. 


does 


scale, 


w 
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History 


Although pigs’ bristles have been used 
for brushes many hundreds of years, it is 
probable that the first brushes consisted, 
as the derivation of the name implies, of 
a bundle of twigs or branches which were 
used to beat the dust from clothes. In 


due course, a selection of the thinner 


more pliable twigs was made, and these 
were bound together at one end and used 
to sweep away dust and dirt. This was 
one of the early steps towards brush- 
making, and later a handle was forced 
between the twigs and the twigs were 
bound to it. The next important step in 
the technique of brush-making was the 
selection by trial and 
materials occurring locally which were 
Choice of 
vegetable 


error of those 


more suitable than others. 
materials was limited, since 
fibres are too bulky to be carried far, 
especially under primitive conditions, 
and for this reason besoms were often 
made by gypsies and other wandering 
people who travelled in search of the raw 
material with which to carry on their 
livelihood. 

On the other hand, the use of raw 
materials such as bristles, which are less 
bulky and easily transported, and which 
are suitable for practically all kinds of 
brushes, tended to increase until bristles 
and horsehair chief raw 
materials for brushes in those civilised 


became the 


countries where the technique of brush- 
making had reached a more advanced 
stage, such as Germany, while the use of 
vegetable fibres was confined more to 
those areas where the demand for brushes 
was limited to that by the local inhabi- 
tants and where the raw material, such 
as heath, ling, broom, sea-rushes and 
birch twigs, were available locally. 
To-day, even in many countries which 
have well established brush- 
making industries, such 
still used in certain areas where they 
occur by the local inhabitants for the 


which are sold lo- 


modern 
materials are 


making of besoms 
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cally to individual customers or hawked 
around the countryside. Generally the 
raw materials for the brush or broom are 
obtained free, but sometimes, as in the 
case of heath, a small fee is paid for the 
privilege of cutting it in the summer, 
Besom-making is one of the oldest of 
crafts, and considerable skill is required 
in the selection and preparation of the 
raw material and the making of the 
besom. For the best birch brooms the 
twigs are cut in winter and allowed to 
season for several months before being 
used. Ling (Calluna vulgaris L.), which 
is used in the Yorkshire dales, is selected 
carefully from soft moist patches of the 
moors, since it is straighter, tougher and 
more pliable than that on harder, drier 
ground, and stands up much longer in 
use. Before being used it is thoroughly 
dried out in the cattle-sheds, the heat of 
the cattle providing the warm air neces- 
sary for drying. The making of such 
besoms is generally a spare-time occu- 
pation, in particular of those engaged in 
agricultural work, and the besoms are 
made usually in the long winter evenings 
or when it is impossible to carry on ordi- 
nary agricultural work. They are made 
by compressing a bundle of twigs, heath, 
etc., together, foreing in a handle and 
then binding the twigs, efe., with split 
willow, ash-bands, hazel or 
The technique of mak- 


twine, and 
sometimes wire. 
ing such besoms is the same as that used 
in earlier times, and in some countries, 
such as India, a similar tvpe of besom, 
made of twigs, is the normal brush used 
for sweeping out the dwellings of the 
poorer people. 

Although primitive in form, some of 
these besoms have quite important uses. 
3irch besoms, for example, are used in 
iron works for brushing away the slag 
which forms on the surface of the hot 
metal, and aid the process, since the twigs 
char gradually as the work proceeds. 

Of the fibres which were 
used in Europe in earlier times, the most 


vegetable 
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seem to have been various 


important 
species of heath, particularly Erica sco- 
By the middle of the sixteenth 
century heath was an article in demand 


paria LL, 


for brush-making and on account of its 
plianey seems to have been the alternate 
material to bristles for brushes made 
by the skilled craftsman for a living and 
not just as a spare-time occupation. 
Horman in 1519 stated that “some 
brusshes be made of hethe busshe and 
some of brustyls”’, and in the English 
Subsidy Accounts in 1509 mention is 
made of imports of heath for brushes, 
showing that even at that time the mate- 
rial was of sufficient importance to war- 
rant imports. Moreover, the various 
Statutes of Brush-makers’ Guilds in 
France and Holland specifically mention 
heath (“ bruyere”’, “hey ”) and bristles 
as being the raw materials used and lay 
down certain rules as to how consign- 
ments into the towns were to be sold and 
the quality required. In particular the 
heath was to be dry before being used in 
the brush, and in some parts of Holland 
it was left for a year before being used. 
The fibre itself was dressed in the same 
way as other vegetable fibres are dressed 
to-day. Certain species, in particular 
Erica scoparia, were imported where they 
could not be obtained locally. Paris 
brushmakers, for example, obtained their 
heath from Italy, since it was better than 
that obtainable in France. 

With the growth of population, how- 
ever, the under heath became 
smaller and farther removed from the 
towns, so that the brush-maker was 
obliged to turn more to bristles as his 
raw material. Moreover, with the de- 
mand for new types of brushes which 
followed on an increase in industrialisa- 
tion, it was no doubt found that heath 
was no longer suitable for many new 
types of brushes. Unfortunately, how- 
ever, owing to this increase in popula- 


areas 


tion, the supply of bristles was decreas- 
ing, since new breeds of pigs were being 


developed to give greater vields of flesh 
and which could be slaughtered when 
they were about a year old. Such pigs 
vield only a few inferior bristles; the 
best bristles are obtained from pigs 
which are five to ten years old. By the 
end of the 18th century, therefore, the 
craftsman brush-maker was confined al- 
most entirely to the use of materials 
from animals, such as bristles, horsehair, 
soft-hairs and, to a smaller extent, 
whalebone. Of these, bristles were the 
most important and were becoming more 
and more expensive. 

No new materials seem to have been 
introduced to take the place of bristles 
until about the middle of the 19th cen- 
tury when piassava and Mexican fibre 
first were used by brush-makers. Pias- 
sava was utilised at that time for 
packing around sugar-cases shipped to 
England to prevent them from shifting 
during shipment, and after the unload- 
ing of the ships the fibre was normally 
thrown away in the English docks. An 
observant English brush-maker realised 
the potentiality of this discarded mate- 
rial for brush-making, and in due course 
plassava became one of the most impor- 
tant raw materials. From the United 
Kingdom use of the fibre gradually 
spread to the European continent. 

Mexiean fibre, which was introduced 
into the United Kingdom about 1850, 
and which is now one of the most impor- 
tant brush-making fibres and the nearest 
substitute to bristle of all the vegetable 
fibres, was used originally as a stuffing 
for sailor’s mattresses, and is still used 
to a certain extent, when curled, as an 
upholstery material. When the Crimean 
War broke out and the prices of hemp 
rose steeply, a shipment of the fibre was 
sent from New York to the United King- 
dom in the hope that it could be used for 
rope-making in place of hemp. English 
rope-inakers regarded it as too stiff for 
ropes, however, and it eventually found 
its way to the brush-makers. The great 
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suitability of the fibre for scrubbing 
brushes and nail brushes which could be 
produced much more cheaply than those 
made of any other material led to an 
immediate demand, and the fibre soon 
became an established material for 
scrubbing, nail and whitewash brushes. 
The introduction of Mexican fibre was a 
great step forward in the brush industry, 
since it enabled brushes to be made 
cheaply and caused a great increase in 
demand. The Crimean War, which in- 
terrupted the supply of Russian bristle 
for a time, also helped to give an im- 
petus to the use of vegetable fibres as a 
substitute for bristles. 

In addition to piassava and Mexi- 
can fibre, at about the same time coco 
fibre, kitool, Para piassava and, a little 
later, palmyra fibre were introduced as 
brush-making fibres. Brush-makers, 
who had formerly been limited to bristles 
and horse-hair, thereby had the choice 
of several other materials which were 
cheaper and of which large quantities 
could be obtained. Some idea of the 
great difference in the price between 
bristles and vegetable fibres can be 
gathered from the figures for imports 
into the United Kingdom in the five 
years from 1934 to 1938. The average 
annual imports of bristles were 2,374 
long tons, valued at about $5,516,000. 
On the other hand, although the annual 
average quantity of vegetable fibres im- 
ported for brush-making amounted to 
3,970 tons, the value was only $776,000. 

These supplies of vegetable fibres came 
at a time when there was an urgent need 
for new raw materials to enable brushes 
to be produced to meet the increased 
demand caused not only by the great 
increase in the population but also by 
the great developments in industry and 
a corresponding increase in demand for 
brushes to be used in the various proc- 
esses of manufacture. After the first 
World War machines were invented 
which made it possible to punch the 
tufts of bristles or other material into 
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the wooden stock of the brush and thus 
make brooms, scrubbing, nail, tooth- 
brushes, etc. Such machines increased 
the rate of production enormously, but 
the full use of such machines would have 
been impossible without the supplies of 
cheaper vegetable fibres which had been 
introduced in the previous century. 
Apart from the fact that these materials 
were suitable for brush-making by hand, 
they were also suitable for use in the 
new machines, and were thus able to 
retain their position as the raw materials 
for brushes. 

It is interesting to notice that there 
have been very few new vegetable fibres 
introduced to brush-making since the 
19th century. Those which are now 
used have been found to be satisfactory 
for the various purposes for which they 
are utilised, and their production and 
preparation have been improved with 
experience. 


Research 


Compared to the research which has 
been carried out on textile and paper- 
making fibres, that devoted to brush- 
making fibres has until recently been 
almost negligible. A few years ago, how- 
ever, a British Brush Manufacturers’ 
tesearch Association was formed, and 
the first Report issued by the Associa- 
tion shows the lines on which research is 
being pursued. Interesting work has 
been done, for instance, in connection 
with the softening of some of the stiffer 
fibres, such as West African piassava. 
In order to facilitate the machine-punch- 
ing of the fibre into the wooden stock of 
the brush, this fibre is usually softened 
by soaking it in water before it is put 
into the machine. It has been found, 
however, that if the fibre is softened by 
boiling in a solution of sodium carbon- 
ate, the dry fibre can then be machine- 
punched. It has also been found that 
some of the brittleness of certain fibres, 
e.g., Mexican whisk and Hungarian 
whisk, ean be removed by boiling them 
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in dilute caustic soda or soda ash solu- 
tions. Another important piece of re- 
search work relates to the impregnation 
of various vegetable fibres with synthetic 
resins. Fibres treated in this way are 
improved in stiffness and_ resiliency, 
especially when wet. Useful research 
being carried out on bleaching and dye- 
ing also is important, since it may not 
only help to make the fibres at present 
being used for brush-making more suit- 
able but it may also enable other vege- 
table fibres to be used for the same pur- 
pose and thus increase the number of 
fibres on which the brush-maker may 
draw for his raw materials. Much will 
depend on the cost of any process for 
treating the fibres to improve their 
qualities. 

It should be mentioned that, up till 
now, the use of vegetable fibres has been 
limited for the most part to the manu- 
facture of household brooms and brushes, 
sweeping brooms and some machine 
brushes, and, apart from Mexican fibre, 
which is used to some extent for dis- 
temper brushes, none of them has been 
found suitable for paint-brushes. For 
this purpose pigs’ bristles, owing to their 
peculiar properties, still remain the most 
suitable material, although in recent 
vears nylon monofil has taken the place 
of bristles to a certain extent. Whether, 
by research, any of the world’s vegetable 
fibres, after suitable treatment, could be 
made suitable for use in place of bristles 
in paint and similar brushes remains to 
be seen. 

Piassava 

The leaf-stalks of several species of 
palm native to Africa or to tropical 
America provide stiff, coarse, brown or 
black fibres commercially known as 
“piassava’”’, “ piassaba” or ‘“ bass”, or 
Cer- 


tain other fibres are sometimes classed 


by modifications of these names. 


in the trade as piassava, but two of 
them, palmyra and kitool, are described 
separately in this article. 


- 


Bahia piassava is obtained from At- 
talea funifera Mart., a palm which 
grows wild in sandy soils in the forests 
of Bahia, Brazil. The fibre is obtained 
from the sheathing leaf bases of trees six 
to nine years old, one harvest being 
made each year. After the leaves have 
fallen, a portion of the leaf-stalk re- 
mains attached to the stem of the palm, 
and in time the soft tisue of the stalk 
decays, leaving a mass of elastic wiry 
filaments which are the piassava of com- 
merce. Sometimes the strands of fibres 
are grasped at the base and pulled out 
through the back of the leaf-stalk, or the 
leaf-stalk itself is crushed and the fibres 
combed out. Before shipment the fibre 
is graded according to length and thick- 
ness, and combed to remove adhering 
matter and very fine fibres. They are 
then bundled according to length and 
thickness. If the piassava is to be 
shipped cut, however, it is passed through 
fine combs and cut into specified lengths 
in guillotines. The cut lengths are then 
separated into fine, medium or stiff 
grades, and bound into bales of about 
110 pounds, wrapped with jute fabric. 

Para piassava, often known as “ mon- 
key bass”, is obtained from the leaf 
stems of Leopoldinia Piassaba Wallace, 
a palm which oceurs along the White 
{iver and in other parts of Brazil. The 
fibre is obtained in much the same way 
as Bahia piassava. After the leaves 
have fallen off, the leaf bases remain, 
covering the trunk and gradually decay- 
ing, leaving the fibrous bundles which 
are collected and combed by hand. The 
fibre is three to six feet in length and 
one-eighth to one-quarter inch thick at 
the base, gradually tapering to a fine 
strand at the narrow end. Both Bahia 
and Para kinds are sometimes referred 
“Brazilian piassava”. Their 
principal use is in brushes for street- 
sweeping machines and for coarse cables. 

West African piassava is the fibre 
from the sheathing leaf bases of two 
palms, Raphia vinifera Beauv. and 


to as 
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Raphia Gaertneri Mann & Wendl., which 
are widely spread in West Africa. By 
far the largest exporter, however, is 
Sierra Leone. The leaf bases are cut 
from the palms and retted in water for 
about two months until the non-fibrous 
matter has been removed. After retting, 
the strips of fibre, which are mixed with 
pith, are beaten with a wooden stick to 
remove the pith and extraneous matter, 
and the beaten fibre is then pulled 
through heckles made of sharpened 
wooden stakes, or of nails driven close 
together in a wooden board, until all the 
pith and fluffy matter are removed. The 
fibre is then dried. In colour it varies 
from light brownish red to deep brown, 
according to the water used for retting. 
The sap of R. vinifera is fermented into 
wine by the natives of Liberia and 
neighboring parts of Africa. 
Madagascar piassava is also obtained 
from a palm, Dictyosperma fibrosum 
Wright, which grows in Madagascar. 
The fibre is rich brown in colour and 
more flexible than Bahia, but much 
shorter in length, being only one and a 
half to two feet long. It is longer and 
darker, however, than coco fibre. 
Although the fibres mentioned above 
are all known under the common term 
“ niassava ” or “ bass”, they have differ- 
ent properties and are used according to 
their properties in different types of 
brushes. Bahia fibre is strong, hard and 
smooth. It is stronger than West Afri- 
‘an, and much of it is finer. African 
piassava is used for ordinary sweeping 
brooms and roller sweeping brushes, 
since it is stiff and coarse. Bahia, how- 
ever, which is more elastic and not so 
liable to break off, is used, for example, 
in chimney sweeps’ brushes, since it is 
able to be bent easily into all corners of 
the chimney. For brooms and brushes 
which have to be used in water, Bahia 
is excellent, since it does not absorb 
water easily and retains its resiliency 
when wet. Para piassava, on the other 
hand, is smoother and softer in texture 


than Bahia, and when wet does not re- 
tain its resiliency. Its use, therefore, 
is limited more to brushes which are 
likely to be used dry. Para can with- 
stand doubling, however, and can _ be 
used for drawnwork, whereas the other 
two pliassavas are not so suitable. Al- 
though West African piassava stands up 
well to heavy wear, it does not recover 
its shape so well as Bahia after con- 
tinued use. 

There are differences, too, in the vari- 
ous grades of West African piassavas. 
Calabar is the heaviest and coarsest, and 
can be blended with more brittle fibres. 
Output of the fibre, however, is small. 
Sherbro grade from Sierra Leone is more 
flexible than the Sulimah and can be 
used for machine-punching, whereas Su- 
limah is restricted te pitch-set brushes, 
in which it does not have to be bent. 
Sherbro is lighter and less uniform than 
Calabar, and is rougher, rounded and 
less flexible. Madagasear, on account 
of its softness and flexibility, can be 
used in sweeping brooms and for many 
special purposes, but imports into Eng- 
land are small. 

Piassava may be mixed with Mexican 
fibre or whalebone. Bahia is also mixed 
with West African in varying propor- 
tions, according to the brush. Before 
being punched by machine, piassava is 
usually steamed to make it more pliable. 

Exports of piassava from Brazil aver- 
age about 4,500 tons per annum, the 
chief buyers being the U. K., Germany, 
Belgium and the U. 8. A. Annual ex- 
ports from Sierra Leone average about 
3,510 tons, the chief buyers being the 
U. K., Germany and the U.S. A. 


Mexican Fibre 

Mexican fibre, ixtle, istle, tula, Tam- 
pico fibre, Tampico hemp and lechugilla 
fibre are all obtained from the leaves of 
Agave Lecheguilla Torrey which grows 
wild in arid regions of Mexico at eleva- 
tions ranging from 1,400 to 1,500 metres, 
usually in poor loose soil which is rich 
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in limestone. The fibre is obtained from 
the central spindle-shaped heart leaves 
when the plant is five to six years old, 
about five kilos of fibre from one plant. 
The fibre is removed from the leaf by 
pulling it under a blunt knife, under 
pressure, In much the same way as 
Manila hemp is obtained. After removal 
from the leaf the fibre is further cleaned 
and freed of extraneous matter by beat- 
ing with the knife, and then dried in the 
sun, before being taken by the collectors 
to the packing stations. Here the fibre 
is finally cleaned, sorted for colour and 
length, and given a preliminary combing. 
When it is finally cleaned, free from ex- 
traneous matter, and straight, it is tied 
in bundles of about two kilos each, and 
the butt ends are trimmed. 

Under the description of Mexican fibre 
is also included Jaumave fibre which is 
obtained from the leaves of Agave 
Funkiana Koch and Bouché, a_ plant 
similar to Agave Lecheguilla but which 
occurs only in a limited area around the 
small town of Jaumave. The fibre is 
longer, smoother, thinner and _ softer, 
more uniform throughout its length, less 
tapered and more oval in cross-section 
than Tula fibre. Sometimes the two 
fibres are mixed together before ship- 
ment. 

Palma ixtle, or ixtle de Palma, which 
is used chiefly for cordage and textile 
purposes, but of which certain grades 
are employed to a much smaller extent 
in brush-making, is obtained, not from 
an Agave, but from a yueca-like plant, 
Samuela carnerosana Trelease. 

Mexican fibre is one of the most use- 
ful of brush-making materials. It is 
easily bleached and can be dyed almost 
any colour to resemble bristle. When 
first introduced, Jaumave, in particular, 
was used to adulterate bristle, since it 
was much more plentiful and cheap. It 
ean be bent or punched without break- 
ing, and when machinery was devised 
for making scrubbing and nail brushes 
the fibre became the standard material 
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for these purposes, since it stands up 
well to water and does not rot. The use 
of machinery with Mexican fibre made 
possible the manufacture of cheap scrub- 
bing and nail brushes on a large scale. 

Other uses for Mexican fibre are in dis- 
temper brushes, aero-polishing brushes, 
cheap hair brushes, clothes brushes and 
all those which are required to stand up 
to water and retain their springiness. 
It is coarser than bristle, however, and 
does not have the wearing properties of 
bristle or horsehair, or the holding quali- 
ties of bristle for paint. It should be 
mentioned that Tula fibre, obtained from 
Agave Lecheguilla, is known locally in 
Mexico as “ lechuguilla ”. 


Palmyra Fibre or Bassine 


Palmyra fibre is obtained from Boras- 
sus flabellifer L., the Palmyra palm, 
which is widely distributed in India, 
chiefly in the Bombay and Madras 
Presidencies, from which areas nearly 
all commercial supplies of the fibre are 
now obtained. The palm also occurs 
wild in West Africa and several other 
countries. It grows to a height of 40 to 
50 feet or more and has many leaves, 
each of which is shaped like a fan. In 
India and other countries the leaves are 
actually used for fans. 

The fibre used for brush-making is ob- 
tained from the leaf stalks, the best fibre 
being from the stalks where they join 
the stem. As the palm grows, the leaf 
stalks fall off, or are removed for local 
use, and the lower part of the stalk is 
left on the tree. This is then pulled off, 
beaten with wooden mallets, and the 
fibre separated out and put through 
combs to be cleaned. It is then dried 
and bundled. To yield the best fibre the 
petiole should have reached a certain 
stage of decay when the fibre extracted 
is blackish in colour. This dark fibre is 
the thickest and strongest, and the lighter 
the colour, the less thick and stiff the 
fibre. Palmyra is about two feet in 
length and is shipped in three sizes. 











250 ECONOMIC BOTANY 


Bassine is the name given to palmyra 
fibre when it has been cut into lengths 
and sometimes dyed black. It can be 
obtained in lengths from 2% inches to 
16 inches, although the lengths most in 
demand are those from eight inches to 
13 inches. For bassine the fibre is much 
better cleaned and more care is taken in 
the grading and selection, so that bassine 
is really a form of dressed Palmyra. 

Palmyra fibre is oval in transverse 
section, the longer diameter being about 
0.05 inch, while the shorter is about 0.03 
inch. It is strong and wiry and in char- 
acter resembles piassava but lacks the 
latter’s elasticity. It can be used as a 
substitute for monkey bass. The indi- 
vidual strands are shorter and finer than 
plassava. In admixture with Mexican 
fibre, bassine makes an excellent union 
for nail, carpet and scrubbing brushes. 
During the war, when on account of 
shortage of shipping space it was difficult 
to obtain Sherbro piassava in South 
Africa, palmyra was used in its place. 

The stalks of the Palmyra palm are 
also used in brush-making to act as a 
stiffener for other materials. 

Exports of palmyra and bassine from 
India are in the neighbourhood of about 
4,000 tons per year, in about equal pro- 
portions. 

Coco Fibre 


Coco fibre is obtained from the husk 
of the fruit of the coconut palm, Cocos 
nucifera L. The husk encloses the coco- 
nut, and the best fibre comes from the 
husk before the nut is fully ripe. The 
husks are buried in salt water and retted 
for two to twelve months, according to 
the area in which retting takes place. 
When the husks are soft they are re- 
moved from the water, washed and 
squeezed, and the inner short fibre and 
the outer skin are removed by hand. 
The remaining fibrous inside is then 
placed on a piece of wood and beaten to 
remove the pith and adhering matter. 
The coarser and stiffer fibre which is 


separated out by combing or heckling, 
either by hand or machine, is the fibre 
known as “ bristle fibre’, which is used 
for brush-making. The finer fibre is the 
coir fibre which is used for yarn. 

Coco is one of the most useful of the 
brush-making fibres. It is strong, has 
great resistance to water and is light and 
elastic. In diameter the strands vary 
from about 0.002 to 0.012 inch. The 
que lity varies according to the area from 
which it is obtained. In admixture with 
stiffer materials, in particular with Mex- 
ican fibre, it has a wide use in Great 
Britain and on the Continent for sweep- 
ing brooms, nail brushes and scrubbing 
brushes, 

The chief source of supply of coco 
fibre for brush-making is Ceylon, and 
annual exports from there during normal 
years average about 10,000 tons. The 
chief buyers were Japan, Germany, Bel- 
gium, France and the U. K. In the 
U.S. A. coco fibre is not used on a large 
scale. 


Kitool 


Kitool is the fibre from the leaf bases 
of Caryota urens L., the Jaggery palm, 
which is found in the hotter moister 
parts of India, Ceylon, Burma, Malaya, 
Siam and northern Australia. The fibre 
forms a strong connecting tissue by 
which the base of the leaf stalk of the 
palm is held to the tree. The best fibre 
is said to be obtained when the palm 
begins to flower, and the amount which 
can be obtained from one tree depends 
on its age and size. Each leaf sheath 
yields between a quarter and one pound 
of fibre, and two to four leaves can be 
cut annually without damaging the 
palm. The fibre varies considerably in 
texture from very fine hair-like fibres to 
coarse strands about one-eighth inch in 
diameter. 

After removal from the tree, the leaves 
are either soaked in water to remove the 
gummy matter or left to dry for a day, 
and the fibre then picked out by hand 
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from the leaf stalk. Before shipment it 
is hackled wet and then graded into 
three grades according to length by the 
shippers. After drying, it is bundled 
into hanks so that the thickest parts of 
the strand are at one end and the bundle 
is, therefore, solid at that end and 
tapered at the other. A good shipment 
should be well graded and of an even 
dark mouse colour with no white strands. 

Before being used by brush-makers 
the fibre is dressed, normally by fibre 
dressers. Dressing consists of cleaning, 
combing and arranging in long straight 
fibres, and in dyeing the fibre black with 
aniline dye or with linseed or rape oil. 
If dyed with aniline dye it is known as 
“water-dyed ”’, and in this form is used 
for pitech-set brushes. If dyed with oil 
it has a better appearance and much 
more resembles bristle, and is more able 
to withstand water. QOil-dyed kitool is 
used in drawn brushes and brooms. This 
capacity for absorbing oil is one of its 
characteristics, and it increases its weight 
by as much as 20% after dyeing. 

After dyeing, the fibre is dressed ac- 
cording to length. The longest lengths 
are the stiffest, while the short lengths, 
which are under nine inches, are soft. 

Kitool fibre is strong, pliable, very 
durable and resistant to water, and on 
account of its strength and other proper- 
ties it is one of the best substitutes for 
bristles. It is used as a stiffener in ad- 
mixture with bristle in brooms and gun 
brushes. Since it retains its stiffness in 
water it is used for brushes which are 
continually being put in water, such as 
brewery brushes and certain types used 
on machines. The fibre has a wide cen- 
tral cavity and is consequently rather 
liable to break if knotted or bent. 

In spite of its excellent qualities, 
kitool has never attained the popularity 
of some other fibres for brush-making 
purposes. When first introduced to the 
trade, its durability was considered by 
some brush-makers to be a disadvan- 


tage, since brushes made of it last too 
long. 

Although the kitool palm oceurs in 
many countries, Ceylon is the only pro- 
ducer of the fibre for export. In the 
vears 1936 to 1939, the average annual 
export of the fibre from Ceylon was just 
under 100 tons, the chief users being 
Germany and the U. K. 


Broom Root 


‘““Zacaton ”’, “ raiz de 
and “rice root” are names 


“ Broom root ”’, 
Zacaton ’ 
given to the roots of Muhlenbergia ma- 
croura (Benth.) Hitehe. | 
macroura Benth.), a plant three to five 
feet tall, with long slender leaves, which 
is found from southern Texas to Central 
America. The roots extend down into 
the ground to a depth of one to two feet. 
The only source of commercial supplies 
is Mexico, where the plant is called 
‘“Zacaton ”’, and the term “ rice root ” is 
a corruption of “raiz de Zacaton”, 
meaning “ roots of Zacaton ”’. 


Epicampes 


The plant is not cultivated but is 
propagated by seed dispersal and spreads 
rapidly. When pulling the roots, the 
earth is first loosened and the whole 
plant is raised out of the ground by 
means of a lever through the roots. The 
roots are chopped off, washed in running 
water, beaten to remove some of the 
bark-like covering of the thicker inner 
part, dried in the sun, bundled and then 
taken by the collectors to the factory. 
Here they are bleached with burning 
sulphur, again washed, sorted according 
to size and quality, and tied into small 
bundles. They are then given a final 
bleaching with sulphur, separated into 
four grades, made up into bundles of 110 
pounds each and baled for shipment. 
Only the roots of young plants are ex- 
ported, old roots being too coarse and 
brittle. After preparation the final prod- 
uct is light to deep canary yellow in 
colour, eight to 16 inches long and about 
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1/25 inch in diameter. It should be 
Wavy or crimped, stiff and resilient. 

In Mexico the roots are used on a 
large scale for cheap brushes or brooms. 
Germany and France were normally the 
chief users, and in these countries they 
were utilised for stiff brushes such as 
scrubbing, dandy, carpet, clothes, butch- 
ers’ and velvet brushes. Broom root. is 
a cheap substitute for Venetian whisk, 
and is sometimes mixed with it. At one 
time the annual export to Germany and 
France varied from 2,000 to 3,000 metric 
tons. When dry, rice roots are apt to 
break off, and for this reason they have 
never been much in demand in England. 


Gomati Fibre 


Gomati or gumati fibre is extracted 
from the petiole bases of Arenga sac- 
charifera Lab., one of the sugar palms, 
which is found in India, Malaysia, 
northern Australia and the Philippines. 
It has been introduced into Africa and 
the Pacific Islands. The fibre, known 
also as “eju” and “ ijok ”’, is black and 
resembles horse-hair. 

The palm flowers after about seven 
years and the best fibre is obtained dur- 
ing the four or five years preceding 
flowering. During these years 20 to 50 
bundles of the fibre per tree are obtained, 
each petiole yielding up to one pound of 
the fibre. Three types of fibre are 
gathered, stiff, medium and fine, only the 
medium being used for brush-making. 

Gomati fibre is one of the most resist- 
ant and durable of vegetable fibres, and 
is particularly resistant to moisture. In 
its resistance to decay it is superior to 
coir, but it is less pliant and elastic. It 
is used, consequently, in brushes which 
must withstand constant and prolonged 
use in water. To some extent gomati 
has taken the place of kitool, since it is 
cheaper, but it is not at all so strong. 

In spite of the wide occurrence of the 
Arenga saccharifera palm, the supplies 
of the fibre to western countries come 
solely from the East Indies. Annual ex- 
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ports from Java and Madoera in the 
vears 1936 to 1939 averaged about 200 
tons. The chief were Great 
Britain, Holland and Australia. 


users 


Other Fibres 


Other vegetable fibres used in brush- 
making include Italian whisk or broom 
corn, as it is known in the U.S. A., which 
is the stem of Sorghum vulgare Pers. 
surmounted by the long stiff branches 
which are the panicles or seed heads of 
the plant. The whisk is marketed in 
lengths of about two feet, which includes 
two or three inches of the stem, the rest 
being made up of the stiff, golden yellow 
stalks of the panicles. As its name im- 
plies, Italian whisk is used for the whisk 
brushes which are bought by drapers, 
hairdressers, etc. The plant is culti- 
vated on a large scale in the U.S. A,, 
Italy, Hungary and elsewhere. Good 
whisk has plenty of “ spring ”’ 

Another useful fibre which is employed 
for brush-making in the southern States 
of the U.S.A., is palmetto fibre, obtained 
chiefly from Sabal palmetto (Walt.) 
Lodd, which is known as “ cabbage pal- 
metto”’. The fibre is extracted by boil- 
ing and then crushing between rollers 
the “ boots ” or spathes of the leaf stems 
surrounding the terminal bud. After the 
pulp and unsuitable fibre have been re- 
moved by hackling and combing, the 
brush fibre is dried, oiled, sorted and 
trimmed to specified lengths. Between 
250 and 500 tons of fibre are produced 
annually in Florida, and production 
could be increased considerably if neces- 
sary from the palms available. The 
fibre, which retains its stiffness in hot 
water and alkali, is used for whisk 
brooms, for dairy and brewery brushes, 
and for those employed in citrus fac- 
In properties it is similar to pal- 
myra fibre. 

Numerous other vegetable fibres, such 
as date palm fibre, heath, broom and 
used locally in various 


tories. 


bamboo, are 
countries. 


spy = 


ie 
)0 
it 


in 


d 


Ss 


d 


The Avocado—A Gift from the Middle Americas' 


The avocado, a remarkable fruit of tropical America, 
was first successfully vegetatively propagated scarcely 
50 years ago, yet today the commercial acreage in the 
United States exceeds 22,500 with a maximum annual 
production of 25,900 tons, which is certain to increase 
because of young-bearing acreage and new plantings. 


California contributes three-fourths of the 
Florida and Cuba the balance. 


supply; 
The development of 


this new and promising fruit industry comprises a little 
known saga in the annals of American horticulture. 


ROBERT W. HODGSON 


Division of Subtropical Horticulture, University of California, Los Angeles 


Origin and Spread 


The accounts of early travelers, to- 
gether with the prevalence or absence of 
common names in the native languages 
or dialects, lead to the conclusion that 
at the time of the Discovery the avocado 
tree was distributed from Mexico to 
Peru, but in South America not farther 
east than the eastern slopes of the Andes 
Mountains; moreover, it seems clear that 
it had not then spread to the West 
Indies. That it had been under selec- 
tion and cultivation for centuries, how- 
ever, seems certain from the fact that 
less than 150 years after the conquests 
of Mexico and Peru, Bernabe Cobo in 
his Historia del Nuevo Mundo accu- 
rately described the three principal 
horticultural groups we recognize today. 

Despite extensive explorations in Mex- 
ico and Central America during the past 
40 years in search of the wild progeni- 
tors of these groups, their origin is still 
uncertain. Popenoe (13, 15) and more 
recently others have found wild trees 
which they believe could represent the 
progenitors of two of the groups in ques- 


1TIn the preparation of this paper, use has 
freely been made of data in citation No. 8. 


tion. No satisfactory wild prototype for 
the third group has yet been found, how- 
ever, leading to the conclusion that it 
may no longer exist in the wild state. 
It seems probable, therefore, that the 
avocados we know today had their ori- 
gin in Mexico and Central America and 
were derived from at least two, and pos- 
sibly more, ancestral species. 

Undoubtedly the avocado was intro- 
duced into Cuba and Jamaica soon after 
the Conquest. The first recorded intro- 
duction into Florida by Henry Perrine 
did not occur, however, until 1833, 
though there is reason to believe it 
had been introduced there considerably 
earlier. The first reference to the avo- 
cado in California occurred in 1856, 
though here too it must have been intro- 
duced earlier. The avocado was estab- 
lished in the Hawaiian Islands prior to 
1825. It was doubtless early taken to 
astern South America and to Spain and 
Portugal. It is, of course, now found 
in nearly all parts of the world where 
suitable conditions occur, though mod- 
ern commercial industries have devel- 
oped only in California, Florida, Brazil, 
South Africa, the Hawaiian Islands and 
Australia. 
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Horticultural Botany 


Classification and Description. The 
avocado belongs to the genus Persea of 
the laurel family, Lauraceae, to which 
also belong camphor, sassafras and cin- 
namon. The native California bay tree 
is likewise a relative, as is also the bull 
bay of southeastern United States. Early 
classification placed all avocados in one 
species, Persea americana Mill. (P. gra- 
tissima Gaertn.). Later studies resulted 
in the making of two distinct species, 
P. americana and P. drymifolia; the 
former included all varieties horticul- 
turally grouped in the so-called West 
Indian and Guatemalan races; the latter 
included the small-fruited varieties of 
the Mexican highlands. Ecuador and 
Chile, which are grouped in the so-called 
Mexican race. More recently the ten- 
dency has been to revert to the original 
classification. What now appears to be 
the most reasonable and useful classifi- 
cation is that in which P. drymifolia is 
considered to be a botanical variety of 
P. americana and therefore becomes P. 
americana var. drymifolia. 

P. americana var. drymifola can be 
distinguished from P. americana by the 
very pronounced anise odor of the leaves 
and young growth when crushed; this 
odor is lacking in P. americana. The 
flowers of var. drymifolia are more 
pubescent than those of americana, and 
the undersurface of the leaves more 
glaucous; the fruits are characterized by 
a thin membranous skin, differentiating 
them markedly from those of americana 
whose thick skin varies from a leathery 
to a brittle texture. The fruits of amer- 
cana are usually much larger than those 
of drymifolia. P. americana proper con- 
tributes to the varieties grown in Florida; 





The commercial avocados of today trace back 
to two, and possibly more, ancestral species. 


Fic. 1 (Upper). Primitive avocado tree in 
the rain forest of Spanish Honduras. Eleva- Fic. 2 (Lower). Very large old seedling tree 
tion approximately 1,000 feet. Exhibits charac- of upright growth habit, near Fullerton, Cali- 
teristics of the Guatemalan ecological race. fornia. Mexican ecological race. 
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both are represented in the avocados 
grown in California. 

The tree is evergreen, though in cer- 
tain varieties many of the leaves drop 
and the tree is nearly bare for a brief 
period during the flowering season. The 
leaf blades are of many shapes—oval, 
ovate, obovate, lanceolate and elliptic— 
and vary in length from three to 15 
inches. The mature foliage is usually 
bright green; the young leaves and 
growth, however, often exhibit varying 
shades of red and bronze. The habit of 
tree growth is variable; the tall upright 
and short spreading habits are both 
commonly found. Seedling trees attain- 
ing heights of 60 feet or more have been 
noted; budded trees are usually more 
compact and spreading, and seemingly 
not inclined to grow so tall. The bark 
of both trunk and roots is thick, fleshy 
and brittle. 

The small, pale green or yellowish 
flowers are borne in terminal panicles, 
usually of indeterminate growth, and are 
perfect. Differentiation between calyx 
and corolla does not occur; the petal- 
like structures are in reality two series 
of perianth lobes, the inner series some- 
times being longer than the outer. They 
are pubescent, pronouncedly so in drymi- 
folia and sometimes almost glabrous in 
americana. The nine stamens are ar- 
ranged in three series; the anthers are 
four-celled, the cells opening by valves 
hinged at the upper end. At the base 
of each stamen of the inner series are 
two large orange-colored glands which 
secrete nectar. Inside the stamens are 
three staminodia. The ovary is one- 
celled and contains a single ovule. The 
style is slender, usually hairy, with a 
simple stigma. The flowers appear from 
November to June in California; in 
Florida from January to April. 

The fruits are quite variable in size, 
form, color and other characters. In 
drymifolia some are found that are no 
larger than good-sized olives, while the 
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largest varieties of americana weigh over 
three pounds. In shape they may be 
spherical, ovoid or pyriform. The range 
in color is from pale yellowish-green 
through dark green, maroon and red- 
dish-brown to purplish-black. The skin 
is thin and membranous in drymifolia, 
while in americana it is thick, tough or 
even woody in some varieties. At ma- 
turity the flesh is of a buttery consist- 
ency, cream to bright yellow in color, 
usually greenish near the skin, and con- 
tains a high percentage of oil. Fine 
fibers traverse the flesh from the stem to 
the base of the inverted seed; these 
make up the vascular system and are 
invisible in the ripe fruits of most varie- 
ties. Each fruit normally contains a 
single large seed, the shape of which 
varies from oblate to long conical. There 
are two seed coats of varying thickness 
and degree of adherence to each other. 
Normally there are two cotyledons— 
sometimes three in drymifolia—white or 
yellowish-white in color and smooth or 
roughened on the surface. The seed is 
tight in the cavity in some varieties and 
loose in others. 

Ecological Races. As previously indi- 
cated, there are three general groups 
of avocados—for convenience loosely 
termed the ‘ West Indian,” “ Guate- 
malan” and “ Mexican races’. Popenoe 
(12) has classified these as follows: 

1. Leaves anise-scented; skin of fruit 
thin (rarely more than 1/32 inch in 
thickness). Persea drymifolia. Mexi- 
can race. 

2. Leaves not anise-scented; skin of 
fruit thicker (from 1/32 to } inch in 
thickness). Persea americana. 

a. Fruit summer and fall ripening; 
skin usually not more than 1/16 
inch thick, leathery in texture. 
West Indian race. 

b. Fruit winter and spring ripening; 
skin 1/16 to 4} inch thick, woody 
in texture. Guatemalan race. 
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Mexican Race 


The Mexican race is native to the 
highlands of Mexico and the mountains 
of Central America, extending south 
along the Andes as far as Chile. It is 
characterized by anise odor in the leaves 
and young growth and fruits. The latter 
range in size from three to 12 ounces, 
mostly less than eight, and have a thin 
and smooth skin. The seed is compara- 
tively large and often loose in the cavity, 
the seed coats thin and the surface of 
the cotyledons smooth. This race has 
some importance in California but is 
climatically unsuited to conditions in 
Florida. It is much the hardiest of the 
three groups. 


Guatemalan Race 


The Guatemalan race is native to the 
highlands of Central America, extending 
south to northern South America. The 


foliage and new growth are lacking, or 
nearly so, in anise odor, and usually, but 
not always, the latter is pink or red 


colored. The fruits range in size from 
eight ounces to three pounds, mostly be- 
tween one and two, and have a thick, 
brittle, hard and often warty rind. The 
seed ranges from large to small and fits 
tight in the cavity; the seed coats are 
adherent and the cotyledon surfaces are 
smooth. The fruit stems are usually 
long. This race is important in both 
California and Florida. It is consider- 
ably less hardy than the Mexican race. 


West Indian Race 


The West Indian race is native to the 
lowlands of Central America and north- 
ern South America. The foliage and 
new growth are free from anise odor, 
and the former exhibits a much lighter 
color than is found in the other groups. 
The range in fruit size is less than in the 
Guatemalan race; in general the fruits 
are large. The rind is always smooth 
and leathery and usually glossy. The 
seed is comparatively large, sometimes 
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loose in the cavity, the seed coats usu- 
ally separated, and the cotyledon sur- 
The fruit stems are short. 
This race is important in Florida and is 
climatically unsuited to conditions in 
California. It is much the tenderest. of 
the three groups. 


faces rough. 


Mexican-Guatemalan Hybrid Race 
(Aguacates de China) 


At least two varieties introduced into 
California from Mexico—Fuerte and 
Puebla—exhibit characteristics inter- 
mediate between the Mexican and Gua- 
temalan This is more obvious 
with the former than with the latter, but 
both are intermediate in cold resistance 
and give almost identical reactions to a 
chemical bark test which readily sepa- 
rates the pure Mexican and Guatemalan 
races. It therefore, been assumed 
that. these varieties represent hybrids 
between the two such as have 
occurred by chance in considerable num- 
bers in southern California and have 
been produced in breeding work. While 
this may be true of Puebla, the appear- 
ance and behavior of Fuerte seed prog- 
enies, particularly those resulting from 
self-pollination, strongly the 
probability of remote, rather than recent, 
hybrid origin, as has been commonly 
assumed. On the basis of this evidence 
and from a survey of the general area 
where this variety originated, Popenoe 
(14) has recently proposed the hypothe- 
that Fuerte is representative of a 
horticultural race known in Mexico as 
“ Aguacates de China”, of remote hy- 
brid parentage. Whatever the facts may 
prove to be, it now seems reasonably 
certain that varieties which combine the 
best qualities of these two races will 
continue to dominate in the California 


races. 
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avocado industry. 


Inter-Racial Hybrids 


Hybrids between the Guatemalan and 
West Indian races are also fairly com- 
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mon and seem destined to play an in- 
creasingly important part in the Florida 
avocado industry. Among those con- 
sidered most promising are the Booth 
hybrids (Nos. 1, 7 and 8), Collinson and 
Hickson. 

Botanical and horticultural differences 
characterize the Mexican and Guate- 
malan races; the differences between the 
latter and the West Indian race are 
purely horticultural. The leaves of the 
Mexican race are usually smaller and 
more sharply pointed than in the other 
two, and generally pubescent; 
moreover, almost without exception they 
are anise-scented when crushed. The 
leaves of the West Indian race are char- 
acteristically pale in color. The fruits 


more 


of the Mexican race are small, thin- 
skinned and high in oil content. Those 
of the Guatemalan and West Indian 


races are in general much larger, thicker 
skinned and lower in oil content; the 
former has a thick, brittle and often 
rough rind and intermediate oil content, 
while the latter has a tough leathery 
rind and low oil content. The West 
Indian and Mexican races blossom and 
mature the fruit considerably earlier 
than the Guatemalan race and have a 
much shorter season. By utilizing varie- 
ties of the West Indian and Guatemalan 
races and _ inter-racial varieties, the 
Florida season extends from June to 
February; utilization of the Mexican, 
Mexican-Guatemalan hybrid and Guate- 
malan races provides California with an 
all-year marketing season. Mexican race 
varieties exhibit the widest range of 
adaptation in California; in Florida it is 
the Guatemalan race which provides the 
widest range of adaptation. 

Flower Behavior and Pollination. 
While the avocado flower is perfect, so 
far as fruit trees are concerned its be- 
havior constitutes the best known exam- 
ple of the condition of alternating syn- 
chronous dichogamy. The known facts 
concerning this phenomenon in the avo- 
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cado, as determined by investigations in 
Florida and California and later con- 
firmed elsewhere, may be summarized in 
the following statements: 


a. Under bright clear weather condi- 
tions, avocado flowers exhibit a marked 
tendency to open and close in unison and 
to open and two distinct 
periods. 


close for 


b. The pistil is almost always recep- 
tive only during the first period of open- 
ing; during the second period the pollen 
is shed. 

c. With most varieties, under the 
weather conditions in question, there is 
little overlapping of the two opening 
periods, only a few if any of the flowers 
being open for the first time (pistil re- 
ceptive) when flowers opening for the 
second time are shedding pollen. 

d. All the varieties thus far studied 
can be placed in two reciprocal groups 
with reference to the normal time and 
sequence of the opening and closing 
periods: one group (A) exhibits the first 
opening, during which the pistil is recep- 
tive but pollen is not discharged, in the 
forenoon; the other (B) opens for the 
first time in the afternoon. In _ both 
groups a second opening of the flowers 
occurs, at which time the pistil is no 
longer receptive but the pollen is shed. 
An intervening period of 12 to 36 hours 
separates the time of maturity of the sex 
organs in each flower. 

e. Weather conditions exercise a 
marked influence on both the time and 
periodicity of the flower openings; this 
periodicity is most marked in_ bright 
clear warm weather; it is least 
cool unsettled 


pro- 
nounced in cloudy or 


weather. 


Nirody (11), who first called attention 
to the existence of synchronous dicheg- 
amy in the avocado, and Stout (18), who 
called attention to its alternating nature 
and to the existence of two reciprocal 
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groups with respect to the periods of 
flower opening, concluded that the neces- 
sity for cross-pollination was clearly 
indicated and recommended interplant- 
ing with varieties of the two reciprocal 
groups. While subsequent studies and 
observations have indicated benefits in 
some cases and none in others, this 
recommendation still obtains in Florida 
(21). 

Although the facts which are given 
above would indicate that under usual 
weather conditions, self- or close-polli- 
nation of the avocado is either precluded 
or decidedly limited and that the normal 
requirement is cross-pollination, Clark 
(3) early reported data which cast con- 
siderable doubt on the validity of this 
conclusion in California. He first dem- 
onstrated that the common honeybee is 
the insect chiefly concerned with effect- 
ing pollination, and later established the 
fact, at least for the mild southern 
coastal region, that the varieties he 
worked with are partially or entirely 
self-fertile and will set satisfactory crops 
without cross-pollination, provided bees 
are active during the period of bloom. 
On the basis of his studies he concluded 
that provision for cross-pollination is of 
doubtful value, with some possible ex- 
ceptions, but that the presence of bees 
during the blooming period is necessary 
for the setting of good crops. 

Observations in other California avo- 
‘ado districts tend to support his con- 
clusions, in that there are numerous 
orchards where cross-pollination is pre- 
cluded but where in most seasons satis- 
factory crops have been produced. 
Apparently there is usually sufficient 
overlapping of the opening periods of the 
flowers, or else bees are able to effect 
pollination either by carrying the pollen 
from one opening period to the next or 
by penetrating the opening or the closed 
flowers. Moreover, no case has yet been 
brought to light in this State where the 
provision of cross-pollination has meas- 
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urably improved either the regularity of 
bearing or the amount of yield of indi- 
vidual trees or solid plantings of single 
varieties, where satisfactory or other- 
wise. On the basis of the present evi- 
dence, therefore, it may be concluded 
that interplanting with varieties of the 
two reciprocal groups, in order to pro- 
vide for cross-pollination, has not been 
demonstrated to be necessary or bene- 
ficial in California. 

Bearing Behavior. Under apparently 
favorable environmental and cultural 
conditions it is not uncommon for avo- 
ado trees to fail to bear satisfactory 
crops. This behavior is especially preva- 
lent with such varieties as Fuerte and 
Puebla in California and with varieties 
of the Guatemalan group in hot interior 
districts. Indeed, for many otherwise 
good varieties this behavior constitutes 
the principal deterrent to successful cul- 
ture. Even though bloom may be pro- 
duced in abundance, the young fruits 
commonly fail to set or, if they set, drop 
off before development proceeds very 
far. On the other hand, some trees fail 
to blossom regularly, even though well 
past the usual bearing age. Moreover, 
Fuerte and most of the Guatemalan race 
varieties exhibit a pronounced tendency 
to alternate bearing in that good crops 
rarely, if ever, occur in succession, the 
usual behavior being a heavy to fair 
crop followed by a light to medium crop, 
or vice versa. The causes of this un- 
satisfactory behavior are not yet fully 
understood, but investigations in recent 
vears have greatly clarified the knowl- 
edge concerning them. 


The Alternate-Bearing Tendency 


A decided tendency to alternate bear- 
ing, notably for the Guatemalan varie- 
ties in general, has been reported in vir- 
tually every avocado-producing region, 
including the native habitat. In Cali- 
fornia most of the Guatemalan varieties 
exhibit this tendency, some of them 


e 
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markedly so, as do also Fuerte and 
Puebla. Abundant experience, corrobo- 
rated by experimental studies, indicates 
that this tendency is an inherent varie- 
tal characteristic—influenced, but not 
saused, by environmental conditions 
which, however, may accentuate or di- 
minish the amplitude of alternation from 
season to season (4). 
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following production of a good crop. 
Both observational and experimental 
evidence support the conclusion that in 
alternate-bearing varieties the produc- 
tion of a large crop so exhausts the tree 
of certain reserve materials that it is un- 
able to mature another large crop until 
at least one growing season has elapsed. 
The present evidence strongly suggests 





Fic. 3. Two adjoining closely-planted Fuerte trees in opposite bearing phase with respect 
to the alternate bearing tendency which is strongly marked in most varieties of the Guatemalan 


and so-called Guatemalan-Mexican hybrid races. 


Tree on the left, in heavy bloom, is in the 


on-crop phase; tree on the right, with very light bloom, is in the off-crop phase. 


Trees of varieties characterized by the 
alternate-bearing tendency are either in 
the on-crop or off-crop condition; this is 
determined by the size of the crop ma- 
tured the previous season. Thus trees 
which have matured a good crop are in 
the on-crop condition during the growing 
season which precedes the good crop, 
and in the off-crop condition the season 


that the reserve materials exhausted are 
organic rather than mineral in nature 
and consist mainly of starch (2). 
During the off-crop season—following 
a large crop—even though environmental 
conditions are highly favorable for fruit 
setting, the maximum crop that can be 
produced will rarely exceed a fair crop; 
if conditions are unfavorable for fruit 
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Fic. 4. Excessive bearing, the result of on-crop phase in combination with temperature con- 
ditions favorable for fruit-setting. In some varieties, such as Nabal, the drain of a very heavy 


crop may prevent production of a similar crop for several years. 
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setting, the result is likely to be a crop 
failure. 
exhaust their reserves from the drain of 
a very large crop, particularly if it is 
harvested late, that they blossom lightly 
or not at all the following season. And 
there are varieties—notably Nabal— 
which sometimes bear so heavily that 


Indeed, occasional trees may so 


more than one season must elapse before 
they are again capable of bearing a good 
crop. 

Moreover, it has frequently been ob- 
served that the production of a large and 
medium crop in suecession, or vice versa, 
or of two small crops in succession, will 
cause a change in the stride of alterna- 
tion. Since the factors which result in 
change of stride of alternation are usu- 
ally environmental in nature—and there- 
fore general in application—the tend- 
ency is for most of the trees in any given 
district to be in the same crop phase, or 
condition, which obviously results in 
marked fluctuation in crop from season 
to season. 

For many varieties, therefore, the 
alternate-bearing tendency is a major 
factor concerned with failure to set or 
mature satisfactory crops in some sea- 
sons. Experimental work on the Fuerte 
variety thus far has failed to reveal 
practicable ways of controlling the alter- 
nate-bearing tendency.  Fruit-thinning 
trials on trees in the on-crop phase, 
where varying percentages of the crop 
were removed up to seven-eighths, not 
only failed to affect the alternate-bear- 
ing tendency but also gave inconclusive 
results on inerease in fruit size. Pruning 
experiments in which a very consider- 
able amount of the bloom was removed 
from trees in the on-crop phase, both in 
the bud stage and later, likewise failed 
to affect the amount of crop, size of fruit 
or alternate-bearing tendency. Exten- 
sive limb-girdling trials significantly in- 
creased crops on trees in the on-crop 
phase, but gave little or no effeet on 
trees or limbs in the off-crop phase. Soil 


fertilization trials in which low, medium 
and high nitrogen levels were main- 
tained, with and without supplementary 
applications of phosphorus, likewise 
failed to show significant effeets on fruit 
size or alternate-bearing habit. 

To date, only two practices have been 
discovered by which the alternate-bear- 
ing tendency in the Fuerte variety can 
be significantly influenced, but, unfortu- 
nately, neither is capable of extensive 
practical application. First, on girdled 
limbs and trees, harvesting of the fruit 
as soon as it has attained horticultural 
maturity—in other words, early harvest- 
ing—has been demonstrated to affect 
materially both time and amount of 
bloom for the sueceeding crop and to 
permit the production of two good crops 
in succession. Ungirdled limbs have not 
shown this response, but early harvest- 
ing of ungirdled trees has shown a tend- 
ency to reduce the amplitude of crop 
alternation. Obviously, however, early 
harvesting of entire trees can not be 
given wide application throughout an in- 
dustry because of its effects on current 
price levels and marketing programs. 
Second, removal of the entire crop from 
ungirdled limbs or trees at any stage up 
to the attainment of horticultural ma- 
turity will change the stride of alterna- 
tion. This is a useful fact in connection 
with experimental work on the problem 
of alternate bearing, but it obviously has 
little practical significance. 

Since the alternate-bearing tendency 
is an inherent varietal characteristic and 
no practicable means have been discov- 
ered for its control, it seems clear that 
the solution of this problem les in the 
finding or development, by breeding, of 
varieties in which it is less pronounced 
or lacking. Work is now under way on 
both solutions, with results which offer 
promise. At least one Fuerte-like seed- 
ling has been found, which thus far has 
exhibited much better bearing behavior. 
Moreover, considerable evidence has 
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been accumulated to the effect that two 
strains of the Fuerte variety exist, one 
of which is a more consistent bearer 
under unfavorable conditions (7). 


Influences of Temperature on 
Bearing Behavior 


There can be little doubt that tem- 
perature conditions during the blossom- 
ing and fruit-setting period exercise a 
predominant influence on the set of fruit 
and, hence, the amount of crop produced. 
Indeed, for the Fuerte variety and 
doubtless others in which the alternate- 
bearing tendency is strongly pronounced, 
it is this factor in combination with 
phase of alternation which ordinarily 
determines the size of crop produced (5). 
Thus with the trees in one or the other 
of two crop phases, and temperature con- 
ditions either favorable or unfavorable, 
four possible combinations are presented 
which determine the crop prospects for 
any given season, as follows: 

a. On-crop phase and favorable tem- 
peratures. The result is a large to very 
large crop. 
unfavorable 
medium 


phase and 
The result is a 


b. On-crop 
temperatures. 
to light crop. 

c. Off-crop phase and favorable tem- 


peratures. The result is a light to 
medium crop. 
d. Off-crop phase and _ unfavorable 


temperatures. The result is a light crop 
or crop failure. 

Irrespective of variety or phase of 
alternation, however, there can be no 
doubt that fruit setting occurs only dur- 
ing periods of favorable mean tempera- 
ture. For the Fuerte variety, in which 
this relation has been most studied, 56 
F. appears to be approximately the criti- 
cal temperature above which conditions 
are increasingly favorable for fruit set- 
ting. The fact that this variety usually 
blossoms well in advance of varieties of 
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the Guatemalan race, and therefore dur- 
ing a period of lower and more unfavor- 
able mean temperatures, comprises the 
major reason for the pronounced erratic 
nature of its alternate-bearing behavior 
and for its failure to bear satisfactorily 
in the southern 
California. 

The nature of the specific effects of 
cool weather on fruit setting are still 
imperfectly understood, but it appears 
unlikely that pollination or the pollen 
mechanism are involved (17). The pres- 
ent evidence rather strongly suggests 
that embryo abortion comprises a major 
reason for failure in fruit setting. With 
certain varieties—notably Fuerte—the 
production of small and seedless fruits, 
which exhibit evidence of embryo abor- 
tion, is regularly associated with low 
mean temperatures during the flowering 
and fruit-setting periods. 

On the other hand, if unusually hot 
weather occurs during the fruit-setting 
period, or if the weather changes sud- 
denly from moderate to extreme, the 
shedding of a considerable part of the 
young fruits invariably occurs. Heat 
waves at any time during the growing 
season have been observed to cause 
severe shedding of fruits of the current 
season’s this has re- 
sulted in virtual crop failure. 

Varieties. Less than 50 years have 
elapsed since the avocado was first suc- 
cessfully vegetatively propagated, yet 
the number of varieties named, described 
and propagated now runs into the hun- 
dreds. More than 50 varieties contrib- 
ute to the present commercial production 
in the United States. In the judgment 
of many, the variety problem is still the 
most important unsolved problem of 
avocado culture. In neither Florida nor 
California are the varieties now avail- 
able altogether satisfactory; it is not 
surprising, therefore, that in both States 
the search for new and better varieties 
continues and that the varietal situation 


cool coastal areas of 


crop; sometimes 
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is constantly changing. It is fortunate, 
indeed, that the avocado tree can so 
easily, quickly and successfully be con- 
verted by top-grafting from one variety 
to another. 


General Requirements of Com- 
mercial Varieties 

In the search for varieties there is 
agreement that certain general charac- 
teristics are desirable in both the tree 
and the fruit. The former should be a 
regular and heavy producer, a good 
grower and reasonably hardy. It should 
be readily propagated and easily handled 
in the nursery and should make satisfac- 
tory growth, yet come into bearing at a 
reasonably early age. 

Market demands and preferences are 
important in considering the fruit itself. 
Thus far the market preference in this 
country has clearly been for medium- 
sized fruits, weighing from eight to 14 
ounces, although there is a limited de- 
mand for large-fruited varieties. Color 
appears to be less important than size, 
although the green-fruited varieties are 
now much more in demand than the 
colored sorts. The fruits should be as 
uniform in shape as possible and prefer- 
ably broadly pyriform or ovoid. The 
flesh should be thick and the seed small 
and tight in the cavity. Absence of fiber 
in the flesh is especially desirable. Ex- 
treme thickness and hardness of rind 
have proved to be undesirable charac- 
ters, since they render it more difficult 
to determine when the fruit is ready for 
consumption. 


Selection of Varieties for Avoidance of 
Seasonal Competition 


California avocados must meet the 
competition of Florida and Cuban avo- 
eados which mature mainly during the 
summer and fall months. The heaviest 
supplies from these sources occur from 
July to November, which is exactly the 


season when avocados are scarcest in 
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California. From the competitive point 
of view, therefore, the best market 
period comprises the fall, winter and 
spring months, and fortunately for the 
California grower this is the period which 
he can readily supply with varieties now 
available. Because the competitive sup- 
plies are largely of West Indian race 
varieties, there exists a demand, particu- 
larly in western United States, for a 
limited supply of California Guatemalan 
race fruits during the summer and fall 
months at prices which thus far have 
been prevailingly high. This has stimu- 
lated the search for late-maturing varie- 
ties and provides a decided advantage 
for those districts where climatic condi- 
tions favor lateness of maturity. Ac- 
cording to the experience of recent years, 
price levels for California avoeados are 
usually highest during the summer and 
fall months and lowest during the winter 
and spring months. 

The place of the thin-skinned Mexi- 
can race varieties in the California in- 
dustry remains problematical. The fruit 
is finer in flavor and often in quality 
than many of the larger Guatemalan 
fruits. They ripen early and if properly 
handled ean be shipped satisfactorily, at 
least to the markets west of the Missis- 
sippi River. Objections to the small size 
of most varieties of this group can be 
overcome by developing or introducing 
varieties of larger size. For local mar- 
kets and regions near by, however, and 
for home use, the Mexican varieties have 
a very definite place. 

For some years past it has become in- 
creasingly clear that in the search for 
new and better varieties, the California 
avocado industry would do well to capi- 
talize on the enviable reputation in the 
markets established by its major variety, 
Fuerte. This can be accomplished by 
searching for or developing varieties of 
similar fruit characters but better be- 
havior, and this general objective has 
been adopted by the California Agricul- 
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tural Experiment Station in its avocado- 
breeding program. The appearance and 
behavior of certain Fuerte seedlings sug- 
gest the practicability of attaining this 
objective, either by selection or breeding. 

Because of Cuban competition during 
the summer months, when no tariff pro- 
tection is provided, the Florida industry 
has sought to find or develop varieties 
for the fall and winter months and has 
therefore turned to West Indian-Guate- 
malan hybrids and Guatemalan race 
varieties, and with reasonably satisfac- 
tory results. In so doing, however, her 
industry has been increasingly subject to 
loss of crop from hurricanes, the season 
for which occurs mainly in September 
and October—after the marketing season 
for most West Indian race varieties. 


The Varietal Situation in 
California (8) 


For many years the varietal situation 
in the California industry has been char- 
acterized by the outstanding dominance 
of the Fuerte variety, which alone has 
accounted for two-thirds to four-fifths 
of the total commercial production. 
Much the greater part of the remainder 
has consisted of some 19 or 20 varieties, 
of which Nabal, Anaheim and Dickinson 
have been much the more important. 
Indeed, for some years past the ten lead- 
ing varieties in point of production have 
accounted for approximately 95 percent 
of the total. In the 1944-45 
when a light Fuerte crop accounted for 
only two-thirds of the total, these varie- 
ties were Fuerte, Nabal, Anaheim, Dick- 
inson, Puebla, Itzamna, Spinks, Mac- 
Arthur, Queen and Benik. In the pre- 
ceding season, when Fuerte accounted 
for more than four-fifths of the total, the 
first seven were the same—the last three 
consisting of Ryan, Carlsbad and Mac- 
Arthur. 

While important changes in the varie- 
tal situation are now taking place and 
will continue, the present indications are 
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that the following varieties will main- 
tain their present position or increase in 
importance in the next decade: Fuerte, 
Nabal, Anaheim, Hass and MacArthur, 
These varieties are being propagated and 
planted. 

Other varieties still of commercial im- 
portance and apparently likely to remain 
so for some time to come include the 
following: Dickinson, Puebla, Itzamna, 
Queen, Benik, Carlsbad, Ryan, Taft and 
Lyon. 

Varieties still of commercial impor- 
tance but not likely to continue so much 
longer include the following: Spinks, 
Mayapan, Challenge, Dutton, Panchoy 
and Edranol. These varieties have not 
been propagated for some time and are 
gradually eliminated by top- 
working. 


being 


The varieties presently recommended 
by the California Avocado Society (16) 
for commercial planting in California 
are the following: 

a. Interior districts— Fuerte. 

b. Intermediate districts—Fuerte, 
Hass. 

c. Coastal districts—Anaheim, Hass, 
Nabal (San Diego County), MacArthur 
(Ventura and Santa Barbara counties). 
Certain Fuerte selections for protected 
locations. 


The Varietal Situation in 
Florida (21) 
Varieties which have been or still are 
of commercial importance in Florida in- 


clude Lula, Waldin, Collinson, Booth 
Nos. 1, 7 and 8, Pollock, Taylor, Trapp, 
Fuchsia, Nabal, Linda, Itzamna and 


Hickson. 
The most recent official reeommenda- 
tions are the following: 


a. Ridge (interior) distriets—Waldin, 
Lula, Collinson, Booth 7 and 8, Taylor, 
Nabal. 


b. Lower East Coast districts—Wal- 
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din. Lula, Booth 7 and 8, Hickson, 
Taylor, Itzamna. 
c. West Coast distriets—Lula, Collin- 


son, Booth 7 and 8, Taylor, Itzamna. 


Varietal Classification by Races 

The varieties currently recommended 
in the two States are classified as to 
racial origin as follows: 

a. West Indian race—Waldin. 

b. Guatemalan race—Anaheim, Hass, 
Itzamna, MacArthur, Nabal, Taylor. 

c. Guatemalan * West Indian hybrids 
—Booth Nos. 7 and 8, Collinson, Hick- 
son, Lula. 


d. Guatemalan-Mexican hybrid race 
(Acuacates de China)—Fuerte. 
Of Mexican race varieties the most 


important in California are Mexicola, 
Duke and Topa Topa; Gottfried appears 
to be the most important in Florida. 
For descriptions of these and other 
varieties the reader is referred to the 
check lists of varieties periodically pub- 
lished in the yearbooks of the California 
Avocado Society and to Wolfe (21). 


Environmental Requirements, Toler- 

ances and Reactions 

Of the subtropical fruits grown com- 
mercially in the United States the avo- 
‘ado is unquestionably the most sensitive 
and exacting in its environmental toler- 
ances and hence restricted in range of 
commercial adaptation. 

Climate. The principal climatic fae- 
tors which limit commercial culture of 
the avocado in California appear to be 
winter frost, low mean temperature dur- 
ing the flowering and fruit-setting period, 
sudden heat waves and wind. 

The Mexican and Guatemalan 
are classified as tender evergreen sub- 
tropicals and the West Indian race as 
hardy tropical. 

Commercial culture of the avocado is 
therefore limited to localities of rela- 


races 
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tively mild winters, such as occur only 
in tropical and subtropical regions. 
While, in general, avocado and citrus 
trees exhibit somewhat the same range 
of climatic adaptation in California, it is 
clearly evident that, on the basis of the 
varieties grown at present, commercial 
culture of the avocado is destined to be 
fully as restricted as that of the lemon, 
Varieties of the Mexican 
appear to have about the same 
range of climatic adaptation as the 
Washington navel orange, but the com- 
mercial future for varieties of this race 
is uncertain. Varieties of the West In- 
dian race tender to low winter 
temperatures that they have proved to 
be commercially unsuited to any part of 
California. Varieties of the Guatemalan 
race exhibit a considerable range of cli- 
matic adaptation, but in general may be 
said to sueceed only where production of 
spring- and summer-bearing lemons is 


if not more so. 
race 


are so 


successful. 

Because of milder winter tempera- 
tures, in south Florida the West Indian 
and Guatemalan contribute the 
varieties grown commercially; the cli- 
mate appears to be too tropical for the 
Mexican and Guatemalan-Mexican hy- 
brid races. 


races 


Winter Frost 

Three aspects of the low winter tem- 
perature factor are of importance—the 
frequency of occurrence of injurious 
temperatures, the minimum tempera- 
tures reached, and the duration of in- 
jurious temperatures. Where damaging 
winter temperatures are relatively infre- 
quent and the frost hazard consequently 
low, and where topographical and mete- 
orological conditions are favorable, in 
California this factor has been suecess- 
fully and profitably combatted by means 
of orchard heating. Observations made 
following the freezes which occurred 
during the winters of 1916, 1921, 1932, 
1936, 1947 and 1948 have shown trees of 
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the Mexican race to be the hardiest to 
cold—about as resistant as the sweet 
orange—those of the Guatemalan race 
considerably less hardy—somewhat less 
than the Eureka lemon—and trees of the 
West Indian race much the most suscep- 
tible of all—tenderer than even the Mex- 
ican lime. 

The so-called hybrid race varieties, 
such as Fuerte and probably Puebla, 
have proved to be considerably more 
resistant than the Guatemalan varieties, 
but not so hardy as the Mexican varie- 
ties and seedlings. On a comparable 
basis, injury to mature trees of Mexican 
rarieties may be expected at 20° Fahren- 
heit, to Guatemalan varieties at 24° F., 
and to West Indian varieties at 27° F. 
Injury may be expected with Fuerte at 
22° F. As might be expected, in each 
race some varieties are more tender than 
others. Thus Mexicola is notably hardy 
among Mexican race varieties, whereas 
Anaheim is markedly sensitive among 
Guatemalans. Moreover, exceptions are 
always to be found because of peculiar 
local conditions and variation in degree 
of vigor and dormancy of trees at the 
time frost occurs. 


Mean Temperature During 
Fruit-Setting 


In California mean temperature dur- 
ing the flowering and fruit-setting period 
is a factor of especial importance with 
early blossoming varieties, such as Fu- 
erte, and in seasons of abnormally low 
spring and early summer temperatures. 
The winter blossoming habit of the Fu- 
erte variety in coastal districts is un- 
questionably the major reason for the 
unsatisfactory yields which normally 
characterize its behavior in the coastal 
areas of southern California. Experi- 
ence has demonstrated conclusively that 
good Fuerte crops occur there only in 
seasons when the mean temperature dur- 
ing the blossoming and _fruit-setting 
period is above normal. 
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Moreover, in the transition, or inter- 
mediate, climatic zone, where Fuerte is 
of outstanding importance, normally 
blossoming somewhat later than in the 
coastal zone, there are occasional seasons 
of below average spring and early sum- 
mer temperatures when fruit setting is 
greatly delayed or markedly reduced; 
this is dependent on whether favorable 
temperatures occur prior to the end of 
the period of bloom. Varieties of the 
Mexican race are less affected by this 
factor, either because of their fall bloom- 
ing habit in coastal areas or their toler- 
ance of a somewhat lower critical tem- 
perature for fruit setting. Varieties of 
the Guatemalan race normally flower 
late enough to escape serious effects from 
low mean temperatures during the fruit- 
setting period. 


Heat Waves 


Sudden heat waves, particularly if 
accompanied by abnormally low atmos- 
pherie humidity, interfere with fruit set 
or cause excessive shedding of the young 
fruits. Thus a few days of hot dry 
weather in May or June may sharply 
reduce the even of Guatemalan 
varieties, and a severe heat wave as late 
as mid-September in California is almost 
certain to result in heavy fruit drop. In 
areas Guatemalan varieties— 
some notably more so than others—seem 
worse affected by heat waves. Dickin- 
son and Hass are among the most resist- 
ant of the commercial Guatemalans, and 
Edranol among the most sensitive. 


crop, 


coastal 


Total Amount of Heat 


Total amount of heat during the 
growing season is a factor of great im- 
portance in the California avocado in- 
dustry; it governs the season of maturity 
of the fruit and, hence, to some extent, 
the choice of varieties. Varieties of the 
Mexican race—currently of minor im- 
portance—exhibit the lowest heat re- 
quirement for maturity of the fruit 
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which normally ripens in late summer or 
fall of the year of blossoming. The 
principal exception to this behavior is in 
coastal areas where flowering commonly 
occurs in late fall and the fruit ripens 
the following summer or fall. Varieties 
of the Guatemalan race are character- 
ized by a much higher total heat require- 
ment, normally blossoming in spring or 
early summer and not attaining matur- 
ity until the following summer. Fuerte 
is intermediate in total heat require- 
ment, normally blossoming in winter or 
spring and maturing the crop the follow- 
ing winter or spring. The only excep- 
tion to this behavior occurs in limited 
sections of the coastal area and in occa- 
sional seasons when Fuerte blossoms in 
late summer or early fall and matures 
the fruit from this bloom the following 
fall. Such fruit is commonly referred to 
as off-bloom fruit. 

Differences in total heat requirement 
of the several races and varieties, and 
the fact that avocados are grown in 
California in climatic zones which differ 
appreciably in total amount of heat dur- 
ing the growing season, explain why this 
State is able to ship tree-ripened avo- 
cados the year round, in marked con- 
trast with competing areas. They also 
serve to explain why residents in most 
California avocado districts, by proper 
choice of three or four varieties, can pro- 
duce avocados for home use the year 
round. 

Wind 

The avocado tree is a vigorous grower 
with soft and brittle wood, and hence is 
particularly subject to wind injury. For 
this reason, in the selection of planting 
areas, windy localities and sites should 
be avoided. Several types of injury may 
occur, depending on the character of the 
wind and the season of the year. In the 
coastal areas of California the chilling 
effect of cool ocean breezes is especially 
unfavorable to fruit setting in the Fuerte 
variety, and it retards the growth of 
young trees; hence, the value of wind 
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protection in these areas has been defi- 
nitely established. Strong winds of 
either the prevailing or the occasional 
type are injurious to the fruit, and, de- 
pending on its stage of development, 
either scar or bruise it, or break the 
stems and cause it to fall. Sudden wind- 
storms during the fall months, which 
occur occasionally in nearly all sections, 
often cause important losses from the 
dropping and bruising of the almost ripe 
fruit and breakage of the trees. Injury 
of this type is notably important in 
Florida in years when tropical hurri- 
‘anes occur. Hot dry winds during the 
blooming and setting period are also un- 
favorable to a satisfactory set of fruit. 
Newly planted trees, if not protected, are 
particularly subject to injury. More- 
over, a relationship between wind preva- 
lence and tip-burn (concentration of 
salts) of the leaves has been demon- 
strated. 


Rainfall 

Since avocado culture in California is 
possible only by means of irrigation, the 
question of rainfall is not important ex- 
cept as it insures an adequate supply of 
irrigation water. Nowhere in Florida is 
rainfall a limiting factor, though irriga- 
tion is sometimes resorted to, and with 
benefits, during occasional periods of 
drouth. 

In regions which depend upon irriga- 
tion, however, the water supply must be 
adequate and the quality satisfactory. 
In California it has been shown (1) that 
the water requirement of the avocado 
tree closely approximates that of citrus 
trees. The soluble solids content of the 
water should be comparatively low (not 
to exceed 750 p.p.m.) and the boron con- 
tent exceedingly low (not to exceed 0.5 
p.p.m.), or injury may ultimately be 
expected. Use of poor quality irrigation 
water in California has been shown to 
result in excessive tip-burn of the leaves. 

Soil. Extensive experience with the 
avocado tree in California and Florida 
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has demonstrated its success on a wide 
range of soils. Commercial plantings 
occur on nearly every grade of soil tex- 
ture—from fine sands to clay loams. 
With few exceptions, however, it seems 
to do best on medium-textured soils. 
For permanently satisfactory results, a 
depth of not less than three feet is 
recommended. While it has been shown 
that productive orchards can be devel- 
oped and maintained on shallower soils 
with good natural drainage, nothing has 
been proved more conclusively in Cali- 
fornia experience than the fact that ade- 
quate soil depth provides a safety factor 
of the greatest importance in the main- 
tenance of tree health and longevity. 
The avocado tree is extremely sensi- 
tive to the effects of poor soil drainage, 
a fact attested to by the decline and 
death of many thousands of once healthy 
and productive orchard trees. In select- 
ing the site for the avocado orchard, 
therefore, it is most important that the 
nature of the subsoil conditions be care- 
fully determined. Structural faults, such 
as clay layers, hardpan or other features 
which interfere with the free downward 
movement of water and restrict aeration 
and root development, are especially un- 
favorable because of the intolerance of 
the avocado root system to the condi- 
tions produced by poor drainage. For 
this reason the very heavy soils or those 
in which the above described conditions 
exist within the upper three feet should 
be avoided for avocado culture. By way 
of comparison, there is now little doubt 
that the avocado tree is more sensitive 
to unfavorable soil conditions than any 
other subtropical fruit tree grown com- 
mercially in the United States. 


Propagation Practices and 
Problems 


Rootstocks. Because of their greater 
resistance to frost, seedlings and varie- 
ties of the Mexican race have always 
comprised the preferred and most widely 
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used rootstock in California, and little 
evidence exists to justify a change. 
There have been periods, however, when, 
because of scarcity of seed supply, nurs- 
ery trees were extensively propagated on 
seedlings from trees of the Guatemalan 
race. And there can be no doubt that 
many of the seedlings used were in real- 
ity inter-racial hybrids resulting from 
cross-pollination. In Florida, however, 
seedlings or varieties of the West Indian 
race comprise the principal rootstock, 
though some of these seedlings are un- 
doubtedly West Indian-Guatemalan hy- 
brids. Because of its compatibility with 
the West Indian race and greater cold 
resistance, it would appear desirable to 
use rootstock seedlings of the Guate- 
malan race. On the other hand, because 
of a strong tendency toward incompati- 
bility with the West Indian race, and 
poor adaptation in general, the Mexican 
race is little used for rootstock purposes 
in Florida. An interesting observation 
reported in both Texas and Palestine is 
the fact that the West Indian rootstock 
is more resistant to soil salinity than the 
other races and markedly less subject to 
tip-burn of the leaves. 

In view of the wide range of rootstock 
materials which has been employed, and 
the comparatively large number of varie- 
ties propagated, it seems remarkable and 
probably significant that so little evi- 
dence exists of a rootstock problem in 
the California industry. With the ex- 
ception of the greater cold resistance of 
the Mexican race, already referred to, no 
reliable evidence now exists of impor- 
tant differences in range of tolerance, 
and hence adaptation, to soil conditions 
or other factors. Moreover, it is by no 
means certain that mature 
Guatemalan rootstocks are more sensi- 
tive to frost than similar trees on Mexi- 
can rootstocks. 

Further, convincing evidence as to the 
existence of incompatibility between 
scion and rootstock is meager. The best 
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authenticated cases in point are proba- 
bly the Lyon, Murietta Green and Juan 
varieties on the Mexican rootstock. It 
has long been known that these varieties 
are difficult and uncertain of propagation 
and that many, if not most, of the re- 
sulting trees are dwarfed and _short- 
lived. The facts available strongly sug- 
gest that this behavior is related to the 
use of Mexican rootstocks, since no au- 
thenticated case has yet been reported 
where these varieties have failed to grow 
satisfactorily on Guatemalan rootstocks. 
With the exceptions noted, however, the 
field evidence and the limited experimen- 
tal results to date combine to indicate a 
satisfactory degree of compatibility be- 
tween all the commercial varieties grown 
in California up to the present and both 
Mexican and Guatemalan rootstocks. 
The principal difference between the 
two, other than in frost resistance, is 
that nearly all Guatemalan rootstocks 
produce more vigorous seedlings than do 
most of the Mexican rootstocks. This 
is not necessarily an advantage in the 
orchard, however; indeed, there is reason 
to believe that a semi-dwarfing rootstock 
might be advantageous for vigorous 
varieties. 

Nursery Tree Propagation. The 
methods employed in the production of 
nursery trees in California and Florida 
have differed greatly in the past; in 
recent years, however, similarities have 
begun to develop. 

The California method has been, and 
still is to a large degree, the use of the 
standard field nursery practices em- 
ployed generally in the production of 
fruit trees. While there are, of course, 
numerous slight modifications, these have 
included sprouting the seeds in seed- 
beds, flats or individual containers and 
transplanting the seedlings to the field 
nursery where they are grown up to 
budding size, budded, and the budlings 
grown to commercial nursery tree size, 
when they are ready to plant in the 
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orchard. In California this has usually 
required a period of 21 to 30 months. 

By contrast, the Florida method has 
been, and prevailingly still is, the grow- 
ing of the trees in wooden boxes under 
lath protection, from which they are 
transplanted, usually after hardening, 
direct to the orchard. The seeds are 
either sprouted in a seed-bed and trans- 
planted to the boxes or planted direct 
therein. When the seedlings are pencil- 
size and still in the herbaceous state, 
they are side-, whip- or cleft-grafted and 
grown until conditions are favorable for 
planting in the orchard. The period re- 
quired to produce a plantable nursery 
tree in Florida ranges from nine to 16 
months. 

The difference in time required to pro- 
duce nursery trees in the two States is 
by no means attributable solely to the 
methods employed. Two other factors 
are important in that connection; one 
has to do with the greater rapidity of 
growth in Florida, the other with the 
smaller size of nursery tree acceptable 
to the planter. Under comparable con- 
ditions, however, the Florida method 
does produce acceptable nursery trees in 
a shorter time than the standard Cali- 
fornia method, for which reason, with 
certain modifications, it has recently 
been adopted by some California nurs- 
erymen. It should be noted, however, 
that the smaller nursery trees which re- 
sult from its use require considerably 
more protection and care during the first 
season in the orchard than do the larger 
sturdier trees produced by standard 
nursery practice. 

Shield budding, such as is used in the 
propagation of citrus and deciduous 
fruits, is the common practice in Cali- 
fornia. Although the operation itself is 
simple, the results obtained, even by 
skilled budders, are often far from satis- 
factory. The reasons for this situation 
are by no means fully understood. Ex- 
perience has taught that certain varieties 
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are much more difficult to propagate by 
budding than others. This may indicate 
a narrower range of scion-stock com- 
patibility by these varieties, or it may 
be due to a less favorable physiological 
condition in the budwood, as ordinarily 
handled. 

Proper selection of budwood unques- 
tionably has much to do with both the 
success of the budding operation and 
subsequent growth of the buds. How 
properly to select budwood is largely a 
matter of experience, for varieties differ 
greatly in this respect. Some produce 
fairly large numbers of buds; 
others, comparatively few. In general, 
recent growth that is well matured with 
fairly plump buds, and that does not 
snap on bending, furnishes the best type 
of budwood. But not all of the buds on 
a given shoot are equally suitable for 
use. While the lower and usually under- 
developed buds will ordinarily set or 
stick, they often fail to grow. On the 
other hand, the upper buds, which are 
usually well developed, after setting fre- 
quently absciss or shed the eye, or 
growing point, and consequently fail to 
develop. 

Essential to suecess in herbaceous 
nursery grafting are warmth, high at- 
mospheric humidity and the use of small 
tender tip scions. Adequate heat and 
humidity are readily available under 
lath in Florida; in California, however, 
for satisfactory results this method of 
propagation should be done under glass. 

Orchard Tree Top-Working. The oc- 
currence of numerous unproductive or 
inferior seedling trees, and the need for 
converting trees of undesirable or un- 
profitable varieties to better sorts early 
occasioned interest in top-working and 
stimulated trial of various methods. 


ood 


In California experience has conclu- 
sively demonstrated that the avocado 
tree is readily top-worked by all the 
common methods of grafting adapable 
to that practice and that no particular 
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skill or experience is required for success. 
Indeed, of all the kinds of fruit trees 
grown in this State, few, if any, respond 
so satisfactorily and readily to top- 
working. Cleft-grafting, with various 
modifications, is the method most used 
during the late winter and early spring 
months, and bark-grafting, likewise with 
various modifications, at other times of 
year. In general, the best results are 
obtained when the grafting is done as 
soon as practicable after danger from 
frost has passed. The leaving of “ nurse” 
or “safety” limbs has not been shown 
to be necessary or desirable. 

Of importance to success in top-work- 
ing avocado trees are protection of ex- 
posed bark surfaces against sunburn, 
and of the scions against heat and desic- 
cation. The trunk and branches should 
be whitewashed, wrapped or shaded and 
the scions covered with paper bags until 
they have made a good start; ventilation 
should be provided by cutting small 
holes in the bags or clipping off the 
corners of the closed end. 

Whatever the method of top-working, 
the follow-up work is of especial impor- 
tance. It is necessary to go over the 
trees frequently and remove suckers, 
confining the growth to the buds or 
They will also require pinching 
or pruning to cause them to divide and 
produce a mechanically strong branch- 
ing system. In the grafting method, re- 
waxing of the stubs may be required to 
prevent drying out and failure of the 
Supports are usually necessary 
for the rapidly growing bud shoots or 
scions, or they are likely to break out. 
All large cut surfaces will need occa- 
sional treatment to prevent entrance of 
organisms causing wood decay. In the 
event of failure of the scions, the new 
shoots arising from the cut ends of the 
branches can be thinned and budded in 
the same manner as nursery seedlings. 

Various kinds of grafting waxes and 
wound have been used. In 
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recent years a commercial preparation, 
composed of grade-D asphaltum, diato- 
maceous earth and water, has come into 
prominence and has largely displaced all 
others. This is sold under various brand 
names—two of which are Tree Seal and 
Tree Heal—and has proved to be very 
satisfactory. Since it can be applied 
cold, it is much more convenient to use 
than dressings which require heating. 

Selection of Propagation Materials. 
Seed for both rootstock use and budwood 
should be obtained from known parent 
trees. In the selection of seed parent 
trees, special care should be taken to 
avoid trees affected by the sun-blotch 
virus disease which, to some degree at 
least, appears to be capable of transmis- 
sion through seed. It is believed that 
the safest procedure is to avoid not only 
such trees but also immediately adjoin- 
ing trees. The greatest possible care 
should be exercised in the selection of 
budwood and scionwood for propagation 
purposes. This wood should be taken 
only from healthy parent trees of demon- 
strated superior bearing behavior in the 
locality where the orchard is to be 
located. Special precautions should be 
taken to avoid using propagation wood 
from trees affected with the sun-blotch 
disease. 


Establishment of the Orchard 


Systems of Culture. The greater part 
of the California avocado acreage now 
occurs on rolling hill lands, although the 
first commercial plantings were made on 
relatively flat lands. Within recent 
years, however, in a number of districts, 
citrus and walnut orchards have been 
replaced by avocado plantings. There 
are therefore two general systems of 
orchard culture—hill culture and _flat- 
land, or standard, culture. In the former 
the trees are planted in rows following 
contour grades which run across the 
main slope; in the latter they are planted 


in parallel rows which generally extend 
up and down the main slope. Where the 
slope exceeds three percent the flat-land 
system of culture with rectangular spac- 
ing of the trees is rarely advisable. For 
slopes ranging from three to 12 percent 
it is best to plant the trees on contour 
ridges, the gradient of which varies from 
one to two percent, depending on the 
nature of the soil and the distance the 
water will have to flow if furrow irriga- 
tion is employed. For slopes above 20 
percent it is necessary or advisable to 
establish terraces which run across the 
main slope on grade contours of one to 
two percent. 

While hill culture permits utilization 
of areas which ordinarily have less frost 
hazard than the lower lands adapted to 
standard orchard culture, it is subject to 
both handicaps and limitations. Land- 
preparation costs are higher, and orchard- 
management operations are more diffi- 
cult and more expensive. So also is 
the problem of providing the necessary 
access roads for pest-control operations 
and for hauling out the fruit. Moreover, 
variability in soil depth and drainage 
characteristics, and less effective use of 
the total soil area, often impose serious 
limitations on tree health and yield. 

In Florida the topography in the avo- 
eado districts is usually such as to pre- 
scribe the standard system of culture. 
In the Lower East Coast region, how- 
ever, where the bulk of the acreage 
occurs, the terrain is so flat and the 
drainage so poor that it is customary to 
plant the trees on mounds or ridges so 
as to permit the crown roots to develop 
at a height of about six inches above the 
general ground level. 

Planting Arrangements and Distances. 
In orchards established under the flat- 
land system of culture, the trees are 
nearly always planted by the rectangu- 
lar system, commonly on the square. In 
hill-culture orchards, however, the con- 
tour ridges or terraces are only roughly 
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flat-land, or standard, culture in the background. 


parallel. Ordinarily little or no effort is 
made to line up the trees in rows running 
up and down the main slope, although 
this is sometimes possible without greatly 
reducing the total number of trees. 


Avocado plantings on terraced hill slopes in the foreground; 
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North Whittier Heights, California. 


Within recent years it has become 
apparent that in many commercial 
plantings the trees were spaced too close; 
as a result they are now crowding and 
the bearing surface is both diminishing 
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and rising. Indeed, the problem of how 
best to correct this condition—whether 
by pruning, orchard thinning, or both— 
now confronts some growers in the older 
districts. Wider spacing for the perma- 
nent trees is clearly indicated, as are 
also the practices of double-planting, or 
interplanting, in the tree rows, and the 
removal of part of the trees when the 
effects of crowding begin to appear. 

There is abundant field evidence 
favorable to the conclusion that for 
spreading varieties, such as Fuerte, the 
permanent spacing should not be less 
than 40 feet on good soils where the trees 
grow large. On some of the shallow 
soils, however, it appears that 35 feet, 
or even less, may be adequate. More- 
over, there is reason to believe that, by 
means of regular pruning, it may be 
practicable to control the size of avocado 
trees, and thereby maintain them in 
satisfactory adjustment to a_ spacing 
slightly closer than is required where 
they are allowed to go unpruned. The 
safest procedure, however, is to plant 
vigorous and spreading varieties in such 
a way that the permanent spacing will 
be 35 to 40 feet in one direction and not 
less than 30 in the other. Some of the 
more upright growing and less vigorous 
varieties may safely be planted at half 
these distances. 

In double planting, the widest spacing 
should be between the tree rows. In 
interplanting, varieties of slender or up- 
right habit of growth, or of precocious 
bearing behavior, are preferred. In all 
cases, however, the temporary trees 
should either be reduced in spread by 
pruning, as crowding approaches, or re- 
moved as soon as the effects of crowding 
first appear. Gzirdling the temporary 
trees to reduce growth and _ increase 
vields for a few years prior to their re- 
moval seems likely to be helpful. 

In Florida avocado growers have been 
advised to interplant to provide or insure 
cross-pollination, but in California no 
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evidence has been found of benefits re- 
sulting from interplanting. Solid blocks 
of given varieties have been found to 
yield as well without cross-pollination as 
with it. 

Planting and Protecting the Young 
Tree. Avocado nursery trees are more 
sensitive than citrus trees and require 
more care and attention, at least during 
planting operations and the first year or 
two thereafter. The usual methods of 
planting and caring for citrus trees have 
sometimes caused serious losses in young 
avocado orchards. On the other hand, 
if properly planted and attended to, avo- 
cado trees grow rapidly and within a 
few years outdistance citrus trees of the 
same age. 

Preparation of the soil for planting is 
similar to that required for other fruit 
trees. Reference should be made, how- 
ever, to the problems presented by the 
soils of the Lower East Coast of Florida, 
which consist of hard oolitie limerock 
containing numerous pockets of sand or 
red clay. Their utilization requires the 
breaking and crushing of the rock and 
its mixing with the free soil. This is 
accomplished either by blasting the 
planting holes or clearing the land by 
means of a special type of bulldozer fol- 
lowed by a powerful searifier which 
breaks up the rock to a depth of 12 to 
18 inches and thoroughly mixes it with 
the soil. 

Because of the extreme sensitiveness 
of the root system to excess soil mois- 
ture, it is either necessary or desirable 
to plant avocado trees higher than the 
surrounding soil level; they should be set 
on ridges or mounds when the terrain is 
flat and drainage poor. 

Protection against sunburn is neces- 
sary in both Florida and California, and 
in the latter State also against wind and 
frost. Wind and sunburn protection is 
afforded by the use of individual V- 
shaped burlap screens. Frost protection 
can be provided either by mounding-up 
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soil about the trunks or wrapping them 
securely with cornstalks or other insu- 
lating materials. 

The mulched-basin system of culture 
is extensively used for young avocado 
trees and is particularly well adapted to 
slopes where contouring or terracing is 
required. The basins must be made 
larger, however, as the trees increase in 
size, or restriction in root development 
may occur with attendant unfavorable 
effects on tree health and growth. The 
mulching materials commonly used are 
weed growth or straw. Experience indi- 
cates that flat-bottomed basins are to be 
preferred in sandy soils, and bowl-shaped 
basins in heavy soils or where the soil 
in the balls about the tree roots is of 
heavier texture than that in the basins 
proper. 

If well-grown stocky trees are used 
and special care is exercised in handling 
and planting operations, with the tops 
cut back moderately after planting, there 
appears to be little need for the expen- 
sive staking and bracing formerly so 
extensively employed. Uniformity and 
vigor of growth are unquestionably su- 
perior where staking and bracing are not 
done. 

Newly planted trees should be irri- 
gated immediately after planting and 
should never lack moisture thereafter; 
frequent but light irrigations usually 
give the best results. Light fertilization 
is also advisable in all save the most 
fertile soils. 

While avocado trees can be planted at 
any time during the growing season, 
abundant experience in both Florida and 
California has shown that spring plant- 
ing gives the best results. 
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Orchard Management Problems 
and Practices 


Systems of Soil Management. Three 
systems of soil management are or may 
be employed in avocado orchards—clean 
cultivation, non-tillage with weed con- 
trol, and permanent sod—and each has 
its special adaptations, advantages and 
drawbacks. Good orchards, as well as 
poor orchards, exist under all three sys- 
tems, and not infrequently conditions 
develop which make it advisable or nec- 
essary to change from one to another. 

In California clean cultivation is still 
a widely employed system of soil man- 
agement, although it is rapidly being 
replaced by nontillage systems. Histori- 
‘ally it is to be regarded as the standard 
system of soil management in irrigated 
orchards, and consists of disking under 
the covercrop or weed growth in late 
winter or early spring, furrowing or 
ridging to facilitate irrigation, and giving 
such additional tillage during the grow- 
ing season as may be required to control 
weeds and incorporate covercrops and 
fertilizers into the soil. Clean cultiva- 
tion attains its maximum efficiency in 
flat-land orchards and is much less effi- 
cient and more expensive in hill-culture 
orchards. Moreover, it is best adapted 
to relatively deep soils which provide 
room for deep root distribution. On 
shallow soils tillage may exclude root 
development from 25 percent or more of 
the total soil mass and thus greatly limit 
the supply of moisture and soil nutri- 
ents. Moreover, it is favorable to ero- 
sional losses, especially on slopes. For 
shallow-rooted trees, such as the avo- 
-ado, these may constitute a serious 
handicap. 





Fic. 6 (Upper). Typical harvesting scene in a California Fuerte avocado orchard. The fruit 
is clipped and placed in canvas picking bags, later emptied into 40-pound field boxes in which 
it is transported to the packing house (Courtesy Calavo Growers). 


Fic. 7. (Lower). 


decline rapidly and rarely recover. 
industry. 


Bearing avocado tree affected with root-rot decline. This disease is wide- 
spread, occurring in California, Florida, Mexico, Cuba, Puerto Rico and Peru. 
It is by all odds the principal threat to the California 


Affected trees 
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When orchard trees begin to crowd, 
and particularly if they consist of 
spreading varieties such as Fuerte, which 
have been given little or no pruning, till- 
age becomes more difficult and less nec- 
essary or useful. Because of the shading, 
weed growth is gradually reduced and 
the growing of covercrops becomes im- 
practicable. The useful purposes for 
which tillage may be employed are re- 
duced to furrowing or ridging for irriga- 
tion and the incorporation of organic 
matter. Continuance of the practice 
requires pruning the trees to permit pas- 
sage of the tractor. Under these condi- 
tions many growers have installed per- 
manent irrigation furrows or basins, or 
have resorted to the use of sprinkler irri- 
gation and have abandoned cultivation 
altogether. 

Where the non-tillage system of soil 
management is applied to young or- 
chards, the problem of weed control be- 
comes an important consideration. In 
recent years it has been demonstrated 
that all the common orchard weeds can 
be kept under satisfactory control by the 
use of herbicides, and ‘usually at costs 
comparable with or less than those of 
tillage. The standard herbicide used in 
California is orchard heater oil applied 
as a spray at appropriate intervals, at 
rates of from 20 to 80 gallons per acre. 
In many instances growers have reported 
benefits from changing to the non-tillage 
system of soil management. These ap- 
pear to relate mainly to improved water 
penetration, resulting from the discon- 
tinuance of tillage, and to the develop- 
ment of feeder roots in the surface layer 
previously tilled. 

Once well established in the orchard, 
avocado trees appear to suffer less from 
weed competition than do citrus trees. 
They seem to be better adapted to the 
non-tillage system of soil management, 
where weed control is not practiced. In 
most cases this ultimately results in a 
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permanent sod. Indeed, on deep soils of 
high fertility there are indications that 
the presence of a permanent grass sod 
may slow down the growth of the trees 
and cause them to bear earlier and more 
heavily. It should be pointed out, how- 
ever, that this system of soil manage- 
ment presents a fire hazard during the 
dry season and also provides conditions 
favorable for rodents. 

Irrigation. The water requirement of 
avocado trees is, in general, similar to 
that of citrus trees of the same size. 
Moreover, their root distribution is like- 
wise similar, the feeding rootlets being 
fibrous and located very largely in the 
upper two or three feet of soil. Hence, 
irrigation practice with these fruits is 
similar in all important respects. Both 
require the presence of available mois- 
ture in the soil at all seasons of the year, 
and yet under many conditions in Cali- 
fornia citrus and avocado trees have 
been severely injured by excessive irri- 
gation, even where soil drainage is good. 
Because the avocado is especially sensi- 
tive to excess moisture, special care 
should be taken to reduce the danger of 
allowing this condition to develop. 

Methods of applying irrigation water 
to avocado orchards vary greatly. The 
oldest and still extensively used practice 
in California is the use of furrows; this 
method satisfaction where the 
slope is not too steep and the soil is not 
so porous as to result in loss of moisture 
and soil nutrients by excessive penetra- 
tion. For hill-culture plantings, furrows 
should rarely exceed 300 feet in length; 
for flat-land plantings, furrows from 200 
to 400 feet in length, according to the 
slope and character of the soil, are most 
satisfactory. The use of cross furrows 
to supply water in the dry portions of 
the tree rows is sometimes desirable. 

The basin system, with or without 
mulch, has been used with varying suc- 
Poorly drained basins in heavy 
soils have been found to cause decline 
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cess. 
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and the ultimate death of trees from root 
injury. Moreover, basins are costly to 
install, especially on steep slopes, and 
may be expensive to maintain. Their 
use on heavy soils is also likely to result 
in over-irrigation and consequent injury 
to the trees. On very light soils, how- 
ever, the use of basins may be necessary 
to distribute the water evenly over the 
entire area, since a sufficient head can 
not be maintained to carry the water 
down furrows. 

About 25 years ago interest developed 
in sprinkler irrigation, and this method 
is now extensively used in both Cali- 
fornia and Florida. Overhead sprinkler 
irrigation, the method first employed, 
has the disadvantage of wetting the 
trees, however, which is favorable to dis- 
eases of the foliage and fruit; it has 
therefore largely been displaced in Cali- 
fornia by the low or underhead method 
of sprinkler irrigation. The most recent 
development, and least costly, is the use 
of movable low underhead sprinklers 
mounted on hose lines in strings of six 
to eight. This method is increasing in 
popularity because of low initial costs, 
mobility of operation and ease of con- 
trolling depth and extent of soil wetting. 

Fertilization. Much less is known con- 
cerning the fertilization requirements of 
avocado orchards than is the case with 
citrus orchards; as a consequence, ferti- 
lization practice in general has tended to 
follow that employed by citrus growers. 
While this procedure is probably safe, 
for citrus trees are notably high in nutri- 
mt requirement, there is some evidence 
that it may be wasteful. 

Experience in both Florida and Cali- 
fornia has demonstrated a response to 
applications of nitrogenous fertilizers, 
but in California observations and ex- 
perience suggest that the nitrogen re- 
quirement of avocado trees is definitely 
lower than that of citrus trees (6). Thus, 
under conditions where citrus trees ex- 
hibit pronounced leaf symptoms of nitro- 
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gen deficiency, accompanied by low 
yield, avocado trees are usually little 
affected. Moreover, avocado trees main- 
tained under permanent Bermuda grass 
sod exhibit normal foliage color and bear 
satisfactorily when given applications of 
nitrogenous fertilizers altogether inade- 
quate to maintain normal health and 
bearing in citrus trees. Then, too, ex- 
perience has shown that even on deep 
and fertile soils the yield of citrus trees 
is rarely maintained for as long as ten 
years without recourse to nitrogen ferti- 
lization, whereas under similar condi- 
tions the avocado tree seems to maintain 
yields much longer. These observations 
clearly suggest the probability that the 
nitrogen needs of avocado trees in Cali- 
fornia may be satisfied by smaller appli- 
cations than are required for citrus 
orchards. In the absence of more exact 
information it has been suggested that 
the annual application be reduced to 
one-half to two-thirds the amount used 
for citrus orchards under similar condi- 
tions. Moreover, California experience 
suggests that as long as young avocado 
trees continue to make vigorous growth, 
the application of nitrogenous fertilizers 
is of questionable value. 

By contrast avocado growers in Florida 
have concluded (21) that their trees re- 
quire and make an economic response to 
more nitrogen than do citrus trees, and 
the recommended practice is to start 
fertilization when the trees are planted 
and to make frequent applications there- 
after. The latter is understandable on 
the basis of differences in soil and eli- 
mate, but not the former. 

In California many avocado growers 
have customarily applied part of the 
nitrogen, usually not more than half, in 
the form of bulky organic matter, such 
as animal manures, in summer or early 
fall, although use of such materials has 
declined somewhat in recent years. With 
the marked decrease in amount of till- 
age during recent decades, culminating 
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in its abandonment altogether in many 
orchards in favor of non-tillage systems 
of soil management, it seems probable 
that the need for organic matter has been 
materially reduced in many orchards. 
Indeed, the behavior of some of these 
orchards strongly suggests that the or- 
ganic matter provided by the leaves is 
sufficient to keep the soil surface in good 
physical condition, and to maintain an 
adequate organic-matter content. Where 
tillage is employed, however, mainte- 
nance of good physical condition in most 
soils will doubtless require occasional 
applications of organic matter. More- 
over, it is to be noted that the sources 
of organic matter which experience has 
demonstrated to be most beneficial— 
namely, readily decomposable kinds, 
such as animal manures—are in them- 
selves complete fertilizers, containing not 
only nitrogen but also phosphorus, po- 
tassium and other mineral nutrients 
required by plants. 

While the soils in the avocado districts 
of southern California are, for the most 
part, relatively well supplied with phos- 
phorus, potassium and calcium, and, as 
noted above, applications of organic 
matter provide these elements, the possi- 
bility can not safely be ignored that 
there may be areas or conditions where 
their use will give beneficial responses. 
The areas in question are characterized 
by rolling-hill topography where the soil 
is strongly weathered, shallow, poorly 
drained and of relatively low phosphorus 
and potassium content. Under the non- 
tillage system of soil management and 
long-continued use of sulfate of am- 
monia, there are orchards in some of 
these areas where the soils are now mod- 
erately acid in reaction. Under these 
conditions it seems reasonable to expect 
that the initial relatively low supplies of 
phosphorus and potassium may have 
already, or ultimately will, become de- 
ficient through leaching away in the 
underdrainage. In Florida, however, the 





BOTANY 


soils are prevailingly low in phosphorus, 
potassium and magnesium, and some 
also in calcium, for which reason the use 
of mixed fertilizers containing these 
macronutrients, as well as nitrogen, is 
standard practice. 

Micronutrient deficiencies have been 
noted in recent years, though as yet they 
are not widespread. Zine deficiency has 
been reported in both States but yields 
readily to nutritional sprays—in some 
cases to soil applications. Manganese 
and copper deficiencies have been re- 
ported in Florida and likewise respond 
to nutritional sprays. 

With respect to soil reaction it appears 
that the roots of avocado trees exhibit a 
fairly wide range of tolerance; the evi- 
dence, however, suggests the desirability 
of maintaining the soil reaction as close 
to neutrality as is practicable. 

Covercropping. Covercrops, or green 
manures, are employed to a_ limited 
extent in both California and Florida, 
though their use is now declining in the 
former because of the spread of the non- 
tillage system of soil management. Since 
the seasons of rainfall differ in the two 
States, the winter covercrop is preferred 
in California and the summer covercrop 
in Florida. While in general leguminous 
covercrops have preference, in both 
States there are conditions under which 
non-leguminous covercrops are grown. 
Of the former those mainly employed in 
California are bitter clover (Melilotus 
indica) and purple vetch (Vicia atro- 
purpurea); in Florida they include two 
kinds of crotalaria (Crotalaria spectabi- 
lis and C. striata), velvet beans (Stizo- 
lobium deeringianum), cowpea (Vigna 
sinensis) and beggarweed (Desmodium 
purpureum). Of the latter the principal 
kinds grown in California are two mus- 
tards (Brassica alba and B. nigra) and 
mallow (Malva parviflora); in Florida 
Natal grass (Tricolaena rosea) is the 
most important. 

In California covercrop plantings are 
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rarely fertilized; in Florida fertilization 
is regularly employed. In both States 
the necessity for irrigation may arise; 
indeed, in California for satisfactory 
tonnage irrigation is usually required. 

Where permanent covercrops or sods 
are desired, Natal grass seems to give 
best results in Florida; rye grasses 
(Lolium multiflorum and L. perenne) 
are preferred in California, but almost 
invariably the end result is Bermuda 
grass (Cynodon dactylon). 

Tillage. Cultural operations in mature 
avocado orchards differ little, if any, 
from those in citrus orchards. Spring 
disking and summer cultivation are com- 
monly employed, although an increasing 
percentage of the orchards is maintained 
under non-tillage systems of soil man- 
agement. The cultural operations should 
be designed primarily to facilitate irri- 
gation and control weed competition. 
Since the avocado is by nature a shal- 
low-rooted tree, deep tillage is undesira- 
ble. Abrupt increase in depth of culti- 
vation is likely to cause injury which is 
often exhibited by tipburn of the leaves 
and excessive shedding of the young 
fruits. 

Insect, Pest and Disease Control. Al|- 
though commercial avocado culture be- 
gan scarcely four decades ago, somewhat 
earlier in Florida than in California, the 
industries in both States have already 
accumulated a number of important in- 
sect enemies and diseases which require 
the use of control or preventive meas- 
ures. Almost certainly because of cli- 
matic differences, the former are more 
important in California and the latter 
in Florida. Fortunately, however, with 
a few exceptions only—relating primarily 
to diseases—the entomologists and pa- 
thologists have been able to develop 
effective and practicable control or pre- 
ventive measures. For details concern- 
ing the insects and diseases in the two 
industries, as well as recommended 
measures for their control, the reader is 


referred to the most recent manuals 
issued by the two States (21, 8). 

With respect to insects the most im- 
portant in the California industry at 
jresent include the greenhouse thrips 
(Heliothrips haemorrhoidalis), avocado 
brown mite (Paratetranychus coiti) , om- 
nivorous looper (Sabulodes caberata), 
amorbia (Amorbia essigana) and June 
beetles (Serica fimbriata, S. alternata 
and Coenonycha testacea) ; insects which 
occasionally require control measures 
include the latania scale (Aspidiotus 
lataniae), the California red scale (Ao- 
nidiella aurantii), long-tailed mealybug 
(Pseudococcus adonidum), Fuller rose 
beetle (Pantomorus godmani) and the 
false chinch bug (Nysius ericae). The 
Kuropean brown snail (Helix aspersa) 
occasionally also requires control meas- 
ures. Satisfactory means of control have 
been developed for all these pests. 

In Florida the most important insects 
include dictyospermum scale (Chry- 
somphalus dictyospermi), pyriform scale 
(Protopulvinaria pyriformis), avocado 
whitefly (Trialeurodes floridensis), avo- 
cado red spider (Paratetranychus yoth- 
ersi) and mirids (Phinacloa_ subpalli- 
cornis and Lygus fasciatus); insects 
which sometimes require control meas- 
ures include the lace-bug (Acysta per- 
seae), leaf-roller (Gracilaria perseae), 
blossom anomola (Anomola undulata), 
greenhouse thrips, tentworms and borers. 
Reasonably satisfactory control meas- 
ures are available for all. 

In both States rats occasionally cause 
considerable loss of crop. They are 
combatted by means of trapping and the 
use of poisoned baits. 

With reference to diseases the most 
important in Florida affect the fruit and 
are cercospora spot or blotch (Cerco- 
spora purpurea), anthracnose or black 
spot (Colletotrichum  gloeosporioides) 
and scab (Sphaceloma perseae). All are 
readily controlled by appropriate sprays. 
Other diseases which have been reported 
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but presently are of minor importance 
include the sunblotch virus disease and 
root rot (Phytophthora 
which are of major importance in the 
California industry, and leaf tipburn. 

Without doubt the avocado root rot 
disease, formerly referred to as the avo- 
‘ado tree decline disease, is currently the 
most important problem confronting the 
California avocado industry, and also its 
greatest threat. The principal reasons 
for this situation are the apparent wide- 
spread distribution of the organism con- 
cerned and the fact that so large a part 
of the present acreage is located on soils 
where it is difficult or impossible to pre- 
vent the occurrence of the unfavorable 
soil moisture conditions which promote 
activity of the organism. Moreover, 
once the root system is attacked, the in- 
fected tree is doomed, for no practicable 
means of treatment have yet been devel- 
oped and the likelihood of such seems 
remote. Moreover, it has been found 
impossible to re-establish trees in root 
rot-infected soils until they have been 
thoroughly and deeply disinfected or 
dried; to accomplish this is difficult and 
at present uneconomic. These facts serve 
to emphasize the importance of the se- 
lection of deep and well drained soils for 
the avocado where, even though the 
fungus is present, it is possible to pre- 
vent occurrence of the soil moisture con- 
ditions under which its activity becomes 
dangerous. 

Next in importance in California is 
the sunblotch disease. Because of its 
virus nature, however, and the apparent 
absence of vectors, it seems probable 
that it may ultimately be eradicated 
through the use of virus-free propaga- 
tion materials. The dothiorella fruit rot 
(Botryosphaeria ribis), of limited occur- 
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rence in coastal districts, is readily con- 
trolled by spraying. 

Other diseases of minor importance in 
California include the physiological dis- 
order known as leaf tipburn and cankers 
of the roots and trunk caused by several 
fungi. 

Pruning. In the absence of experimen- 
tal evidence, knowledge of the pruning 
requirements and responses of avocado 
trees is necessarily based on field obser- 
vations and experience. Certain general 
facts and responses seem reasonably well 
established, however, in advance of the 
necessary experimental evidence to prove 
them. 

It seems clear that pruning is not 
required to maintain a continuing suc- 
cession of crops of fruit of satisfactory 
size and quality. Failure to produce 
sufficient new growth and healthy leaf 
surface for satisfactory crops has not 
been observed, even on the oldest and 
largest avocado trees, provided they are 
not shaded by crowding. And the num- 
ber of fruits set, even with the heaviest 
bearing sorts, is so small in comparison 
with most other fruits, that pruning is 
not considered a hopeful means of in- 
creasing fruit size. When pruned, avo- 
cado trees appear to suffer less repres- 
sion to growth and fruiting than do 
citrus trees. Regeneration of top growth 
seems to occur more rapidly, and resto- 
ration of bearing sooner; indeed, only 
under rather severe pruning do avocado 
trees become so vegetative as to cease to 
set and bear fruit. 

With the avocado tree, pruning seems 
therefore to be concerned primarily with 
the regulation and control of the growth 
of the tree for the convenience of the 
Slender upright-growing trees— 
Anaheim, Hass, Taylor and 


crower, 
such as 


The field boxes enter the packing house on a conveyor belt from which 


they are automatically emptied into a specially designed cleaning machine where the fruit is 
cleaned and polished before it goes to the grading belts (Courtesy Calavo Growers). 


Fic. 9 (Lower). 


From the cleaning machine the fruit passes before experienced graders who 


separate it into the several quality grades (Courtesy Calavo Growers). 
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Lula—if unpruned become objectionable 
because of excessive costs of harvest- 
ing and susceptibility to serious tree 
breakage. Broad, sprawling or spread- 
ing sorts—such as Fuerte and Nabal— 
likewise, if unpruned, become objec- 
tionable because of interference with 
orchard-management operations, suscep- 
tibility to breakage and ultimate crowd- 
ing. Training and pruning comprise the 
means whereby these undesirable condi- 
tions can be prevented or ameliorated. 
Moreover, the growth habit of many 
avocado varieties—in particular the 
round-topped spreading kinds—results 
in foliage walls so dense that they ex- 
clude sunlight and thus bring about the 
decline and disappearance of inside 
fruiting wood. Some pruning to permit 
sunlight to reach the inside foliage seems 
likely to benefit such varieties. 

Training normally begins at planting, 
for it is usually advisable to cut back 
the tops somewhat at that time, particu- 
larly if the heads established in the 
nursery are high. The cut should be 
made above a well developed resting 
bud; heading back to lateral shoots 
rarely gives satisfactory results. The 
function of training should be to modify 
or control the natural habit of growth in 
order to develop trees of desired form 
and strong framework branches. 

Upright growing varieties of the cen- 
tral leader type should be pruned to 
develop spreading habits. This is accom- 
plished by cutting back and shortening 
in sufficiently to establish a well branched 
framework system from which vigorous 
upright shoots are excluded. This is 
more difficult to accomplish with some 
varieties than with others, but reason- 
ably satisfactory results can be obtained 
with all if systematic effort is devoted to 
training during the early years. 

Some varieties, notably Feurte, are 
characterized by a spreading, or even 
sprawling, habit of growth which should 
be controlled by selection of the more up- 
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right shoots for the framework branches. 
The training of these varieties requires 
a combination of shortening in and cut- 
ting out of the lateral branches which 
are normally too numerous for develop- 
ment of the desired objective—a moder- 
ately compact and upright framework 
system. The Fuerte variety is particu- 
larly prone to produce excessively long 
horizontal limbs which, if allowed to re- 
main, prevent the development of good 
framework branches above them. It is 
nearly always desirable to remove these 
branches completely rather than to at- 
tempt to control them by shortening in. 
The natural habit of growth of many 
avocado varieties is such, however, that 
they develop reasonably satisfactory 
framework systems with little or no 
training. 

Once the framework system is estab- 
lished, the functions of pruning relate to 
the maintenance of a sound framework 
system and the control of tree size. 
With tall slender varieties, pruning is 
concerned mainly with the removal of 
long upright growing branches in the 
tops, which are especially subject to 
breakage; with spreading varieties it has 
to do largely with thinning or shortening 
in of framework branches which have 
become too heavy. 

Two important facts, now evident in 
the avocado industry, bear on the desira- 
bility of controlling the size of orehard 
trees. Costs of harvesting are excessively 
high for tall trees, and, at the spacing 
distances which have prevailed in the 
past, the trees of most varieties ulti- 
mately crowd to the point where the 
lower parts decline from shading. This 
condition, in turn, gradually decreases 
the total yield and constantly increases 
height of the bearing surface and result- 
ant cost of harvesting. While it remains 
to be demonstrated, there is much reason 
to believe that pruning will prove to be 
a most useful means of preventing the 
development of these undesirable condi- 
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tions and of restoring those trees where 
such conditions have been allowed to 
develop. 

Since pruning, which stimulates growth 
or opens up the trees, renders them more 
susceptible to frost injury, the period in 
which it can be done with greatest safety 
begins in spring, after the danger from 
frost 1s past, and extends to late summer. 
Karly pruning permits the growth to 
harden up and the trees to fill in with 
foliage before the succeeding frost sea- 
son. The evidence available indicates 
that pruning during the bloom period, 
unless severe, does not result in a sig- 
nificant reduction in fruit-setting. With 
spring- and summer-maturing varieties, 
the natural tendency is to defer pruning 
until the fruit has been harvested. 

In order to prevent or minimize the 
likelihood of infection with organisms 
which cause wood decay, large wounds— 
particularly on the trunk or main 
branches—should immediately be cov- 
ered with a good wound dressing. The 
rapidity of the healing process in the 
avocado is remarkable, however, and if 
the cuts are made close, even large 
wounds heal over within a compara- 
tively short period. 

Fruit Thinning. The question is often 
raised as to the possible value of fruit 
thinning, either to increase fruit size or 
to control the alternate-bearing tend- 
ency. While large crops are character- 
ized by small fruit size, and vice versa, 
the limited experimental evidence and 
field experience available indicate that 
fruit thinning is not a practical means 
of increasing fruit size appreciably, and 
that it has no effect on the alternate- 
bearing habit. The only cases where 
fruit thinning appears to be justified 
have to do with excessive over-bearing 
of occasional trees or limbs, where to 
leave all the fruit on would greatly in- 
crease the likelihood of breakage or of 
exhaustion of the tree or limb. 

Protection Against Unfavorable 


AVOCADO 283 


Weather Conditions. In California 
winter frosts or freezes comprise the 
principal injurious factor of weather 
against which practicable protective 
measures are available and are increas- 
ingly being provided. This factor is 
occasionally operative in Florida, but 
there both the meteorological conditions 
and the economics of the industry are 
less favorable for successful protection 
of bearing trees. Experience thus far 
indicates that adequate frost protection 
‘an be provided only by orchard heat- 
ing, either alone or in combination with 
wind machines. For details concerning 
this practice the reader is referred to the 
most recent treatises available (9, 22). 
In both States it is customary to protect 
young trees during the winter months. 
In California this is done by wrapping 
the trunks and heads with cornstalks or 
other insulating materials, in Florida by 
mounding-up soil well above the bud 
unions. 

In both States wind is a factor of 
considerable importance. Prevention of 
wind damage, which is practicable in 
considerable degree, involves two prin- 
cipal considerations: maintenance of 
favorable moisture and nutritional con- 
ditions in the trees, and use of screens 
or windbreaks of various kinds. Trees 
weakened from lack of water or starved 
for nutrients noticeably suffer greater 
injury than normal well-nourished trees. 
The benefits of favorable moisture and 
nutritional conditions in counteracting 
the effect of hot dry winds during the 
blooming and fruit-setting periods have 
frequently been observed. 

Wind protection may be provided by 
use of lath or burlap sereens or by wind- 
breaks. Lattice screens have been used 
to some extent for the protection of indi- 
vidual large and valuable trees and also 
for commercial plantings, but they are, 
of course, expensive. The most practi- 
cable mechanical wind protection is pro- 
vided by living windbreaks composed of 
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closely planted trees of suitable charac- 
teristics. Among the most frequently 
used windbreak materials in California 
are the blue gum eucalyptus (2ucalpytus 
globulus) and the Arizona cypress (Cu- 
pressus arizonica); in Florida the casu- 
arinas (Casuarina equisetifolia and C. 
lepidophloia) have given best results. 
Whatever plant is used for the wind- 
break, it must be given proper manage- 
ment which may include irrigation, ferti- 
lization and periodic root pruning. Care 
is necessary to maintain the windbreak 
in good condition of vigor and growth 
and still reduce to the minimum its com- 
petition with the adjacent orchard trees. 

Protection against sunburn of the bark 
is also important in both States in con- 
nection with newly planted trees and 
severely pruned or top-worked trees. It 
may be provided by shading, wrapping 
or whitewashing. 


Harvesting and Preparation for 
Market 


Determination of Maturity. With the 
varieties now grown commercially, in 
California avocado fruits mature every 
month of the year and in Florida over a 
period of eight to nine months. Since 
the fruit does not soften on the tree and 
the external indications of maturity are 
often almost imperceptible, considerable 
difficulty is sometimes experienced in de- 
termining the proper period for harvest- 
ing. With most of the dark colored 
varieties this is usually not especially 
difficult, for by the time the skin is 
fairly well colored the fruits are ordi- 
narily in proper condition for picking. 
The difficulties are much greater with 
the green varieties, although the experi- 
enced grower can usually detect slight 
changes in the color of the skin and stem 
as the fruit begins to mature. The 
brightness of the skin color diminishes 
and a slight yellowish tint to both skin 
and stem develops; moreover, the seed 
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hardens and the seed coats become dry 
and papery as maturity approaches. 

There are, however, only two safe and 
certain methods for the determination 
of horticultural maturity. The simplest 
consists of picking a few of the largest 
fruits as the normal or suspected season 
of maturity approaches and setting them 
aside in a warm place. If, within a week 
or ten days, they soften and become edi- 
ble, one can be reasonably certain that 
the period of maturity is at hand. If the 
fruits shrivel and the flesh becomes 
tough and leathery, they have not at- 
tained maturity and further sampling 
will be until maturity is 
reached. The other and much more 
rapid method, which, however, is based 
on knowledge of the maturity character- 
istics of given varieties, is the refrac- 
tometer method for determination of the 
oil content. This method has been found 
to be relatively accurate for California- 
erown avocados and is now used exclu- 
sively in commercial operations. 

In order to provide uniformly mature 
fruit at the beginning of the season, and 
especially to prevent the sale of imma- 
ture avocados—a practice which had be- 
come a menace to the industry—the 
California avocado growers in 1925 suc- 
ceeded in having established a State 
maturity standard of eight per cent oil 
content. This action has very greatly 
benefitted the industry by helping to 
eliminate immature fruit—mostly wind- 
falls or stolen fruit—from the markets. 
It is generally felt that the standard is 
still too low for the Mexican varieties 
and for some of the Guatemalan varie- 
ties. This is evident from the fact that 
for the highest quality advertised grades 
the principal marketing agencies require 
a minimum of 12 percent oil content. 

Picking. The fruits are clipped from 
the trees in the same manner as are 
citrus fruits, with special care given to 
cutting the stem flush with the base of 


necessary 
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the fruit. Avocados should never be 
pulled from the trees because removal of 
the pedicel, or button, with most varie- 
ties is almost certain to result in decay. 
Because of the tenderness of the fruit, it 
must be handled carefully. Use of small 
canvas picking bags or buckets is ad- 
vised as a means of preventing bruising 
of the fruit. For tall trees, both ladders 
and picking appliances consisting of a 
bag and a nipper mounted on a pole— 
of which there are several types on the 
market—are used. 

Packing House Operations. The han- 
dling practices concerned with prepara- 
tion of the fruit for market have reached 
the highest degree of standardization and 
mechanization in California. The first 
step in packing operations is running the 
fruit through a dry cleaner which, by 
means of non-abrasive revolving brushes, 
removes dirt and polishes the fruit. It is 
then carefully graded by hand according 
to specific standards. The graded fruit 
is placed on conveyors to be carried to 
stamping machines where each fruit is 
stamped with its grade designation. The 
graded and stamped fruits then continue 
by conveyor over automatic scales and 
counters. As the fruit moves forward, 
each trips a balance offsetting its own 
weight, is thereupon counted by an elec- 
trical device and is conveyed to a padded 
bin containing other fruits of like vari- 
ety, grade and size. From these bins, 
packers place the fruit, unwrapped, in 
flats containing nesting wood-wool. The 
standard container used is a one-layer 
wooden box, called a flat, which contains 
approximately 13 pounds of sized fruit. 
The number of fruits per box varies with 
their individual weight. As with other 
fruits, the size designation employed de- 
notes the number of fruits per box. 

In Florida the sizing and stamping are 
done by hand, and two standard con- 
tainers are employed—the so-called ven- 
tilated crate which contains 40 pounds, 
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and the lug, or flat, which holds approxi- 
mately 15 pounds of fruit. 

Storage. Avocados which are to be 
sold on the local market are held under 
refrigeration for a short period to pro- 
long their life and to aid in orderly dis- 
tribution. Experience and research have 
shown the best storage temperatures to 
lie in the range of 38° to 45° F. It has 
not been found practical to keep avo- 
cados in storage for long periods; under 
especially favorable conditions, some 
varieties have been successfully stored 
for as long as two months, but commer- 
cial storage is for much shorter periods. 
Avocados destined for markets not too 
far removed from the local area are 
often shipped by refrigerated trucks. 
Most of the nation’s markets are too far 
distant, however, for the fruit to be 
shipped by other than rail. Fruit di- 
rected to these distant markets is pre- 
cooled in refrigerator cars and moved to 
its destination under refrigeration prac- 
tices governed by current conditions. 


Composition, Dietetic Values 
and Uses 


Composition. The composition of the 
avocado is remarkably different from 
that of other fresh fruits, with the possi- 
ble exception of the coconut and ripe 
olive; the latter, of course, requires proc- 
essing to make it edible. Its average 
protein content is two to three times that 
of the ordinary fresh fruits on the mar- 
ket—apple, pear, grape, berries, citrus 
fruits, bananas and others—but slightly 
below that of the olive. In minerals, 
represented by ash, its average content 
is likewise between two and three times 
that of the common fresh fruits. In dry- 
matter content its average is higher than 
that reported for any other fruit, its 
closest competitor in this respect being 
the banana with about 25 percent. 

On the other hand, as would be ex- 
pected, the carbohydrate content of the 
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avocado is low as compared with this 
constituent in other fresh fruits where 
the range is from two to five times as 
high, or more. 

In its fat or oil content the avocado 
differs greatly from other fruits, the ripe 
olive alone excepted. Whereas most 
fruits contain little or no oil, the range 
in the avocado is from five to 25 percent, 
or higher. As mentioned earlier, the 
three horticultural races differ notably 
in fat content; the West Indian is lowest 
and the Mexican highest, with Guate- 
malan intermediate. Moreover, variety 
for variety, the fat content is regularly 
higher in subtropical climates, such as 
California, than in semitropical climates, 
such as Florida. 

It is evident, therefore, that as far as 
protein, minerals and fat are concerned, 
the avocado stands at the head of the 
list. These facts alone would warrant 
the conclusion that this fruit unquestion- 
ably contains nutritive values far ex- 
ceeding those of other fresh fruits. 

Dietetic Values. The caloric or energy 
values of the edible portion of the com- 
monly used fresh fruits are low, ranging 
from a minimum of 175 calories to a 
possible maximum of 400 calories per 
pound. The average for the avocado in 
California is 1,000 per pound, or two and 
a half times the maximum for the other 
fruits. The maximum, 1,375 calories per 
pound, corresponds to that noted for 
some kinds of dried fruits and is ap- 
proximately 75 percent of the energy 
value of the cereals and far in excess of 
that of lean meat. Avocado fat has been 
shown to be fully as digestible as butter 
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fat, though differing markedly in compo- 
sition. 

The avocado has also been found to be 
a good source of several of the vitamins. 
In general it is high in the vitamin-B- 
complex factors, good in vitamins A and 
i, fair in vitamin D and low in vita- 
min C, 

The dietetic value of fruits, aside from 
the actual nutrients they contain, lies in 
their succulency, minerals, vitamins and 
organic acids. From nearly all points of 
view, therefore, the avocado possesses 
unusually high nutritive and dietetic 
values. To judge from its composition, 
it should prove to have laxative quali- 
ties of a peculiar type, possessing as it 
does the combination of the usual fruit 
principles, and fat or oil. The laxative 
properties of most fruits depend partly 
upon the stimulating effect of the fiber 
upon the wall of the intestine and partly 
upon the organic acids and minerals. 
Oil has a tendency to soothe and to 
lubricate the intestine, even while it acts 
as a mild laxative. The avocado is a 
natural combination of these two types 
of foods—as if fruit and olive oil had 
been chemically combined by nature. 
Moreover, the high energy value of the 
avocado in relation to its low carbohy- 
drate content makes it especially suited 
to diabetic cases. 

Uses. In the United States the avo- 
‘ado has achieved fame mainly as a 
salad fruit, for which it is eminently 
adapted because of its delicate nut-like 
flavor, buttery consistency and attrac- 
tive appearance. Moreover, it blends well 
with acid fruits, such as the orange or 





Fic. 10 (Upper). From the grading belts the fruit goes to the branding machine, prepara- 
tory to which operation each fruit to be branded is placed in a rubber-covered cup. In this 
specially designed machine the brand name is stamped on each fruit by air spray through a 


flexible metal stencil (Courtesy Calavo Growers). 


Fic. 11 (Lower). From the branding machine the fruits are automatically sized by weight 
and drop into padded revolving packing bins from which they are packed in wood-wool in flats 


which contain approximately 13 pounds of fruit. 


From the packers the flats proceed to the lidding 


machine, whence they go to the pre-cooler preparatory to shipment by refrigerated truck or rail- 


way car (Courtesy Calavo Growers). 
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grapefruit, and can be served equally well 
either with or without salad dressings. 

Mashed and seasoned, the resulting 
fruit pulp finds numerous uses, such as 
filling for sandwich spread, soups, salad 
dressings, ice creams and milk shakes. 
It is also a nourishing food, however, 
and commonly served “on the half 
shell’ with salt or lemon or lime juice. 
In the regions to which it is native or 
has spread, it comprises an important 
item in the diet of the population. 

Ordinary methods of cooking tend to 
impair both the flavor and appearance 
of the avocado, for which reason it is 
used primarily as a fresh fruit and is 
poorly adapted to preservation by can- 
ning or dehydration. 

The most promising avocado product 
developed thus far is the natural fruit 
pulp preserved in freezing storage. The 
seed and peel are removed and the pulp 
ground and stored in sealed containers 
of glass, enameled tin or paper at a tem- 
perature of 15° F. or lower. Pulp to be 
used for ice-cream manufacture should 
be sweetened with one part sugar to 
three or four of pulp. The unsweetened 
pulp may be used as a salad base, filling 
for sandwiches, in the manufacture of 
mayonnaise or as a base for milk shakes 
and other fountain drinks. Addition of 
cider vinegar, one part to five of pulp, 
gives a product which is very attractive 
as a salad base or sandwich spread. One 
of the principal problems connected with 
storage of the pulp is the browning occa- 
sioned by oxidation. Pulp preserved by 
freezing storage should be used as soon 
as possible after it is taken out of stor- 
age. If the cost of the frozen pulp can 
be reduced to a point where it is attrac- 
tive to the fountain trade, this product 
should be an important means of dis- 
posing of poor-quality or surplus fruit. 

The principal by-product produced in 
California consists of the oil extracted 
from the pulp. When purified it is a 
clear white oil of similar chemical con- 
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stitution to olive oil, and adapted to 
similar uses. Its present scarcity and 
high cost, however, have restricted its 
use to a high quality salad or cooking oil 
and to the manufacture of cosmetics. 


Characteristics and Economics of the 
Avocado Industries Which Sup- 
ply the United States 


California, Florida and Cuba provide 
virtually the total avocado supply for 
the United States, production in other 
States and imports from other countries 
being virtually negligible, a situation 
which seems unlikely to change in the 
foreseeable future. Imports from Cuba 
almost certainly will continue because of 
the trade agreement of 1934 under which 
avocados from that country are ex- 
empted from the 15 cents per pound 
tariff from June 1 to September 30. Im- 
ports from other countries seem unlikely 
to increase materially because of quaran- 
tine restrictions, tariffs or costs and diffi- 
culties of transport. Statistics depicting 
the avocado supply situation in the 
United States since 1924 are set forth in 
Table I. 

California (19). In California com- 
mercial avocado production is almost 
entirely restricted to the five southern 
coastal counties. Much the greater part 
of the acreage occurs in San Diego, Los 
Angeles and Orange counties, Ventura 
and Santa Barbara counties accounting 
for less than ten percent of the total. 

The climate is arid subtropical and 
winter frost the weather factor of major 
importance. The industry therefore is 
based on varieties of the Mexican-Gua- 
temalan hybrid and Guatemalan races, 
though there is a limited production of 
Mexican race varieties. Because of cli- 
matie conditions and the choice of vari- 
eties grown, California enjoys an. all- 


year shipping season, though the bulk of 


the production occurs during the six- 
month period December—May. 
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TABLE I 


AVOCADO PRODUCTION, IMPORTS AND SUPPLY, AND CALIFORNIA AND FLORIDA 
FARM PRICES, 1924 TO 1948 









Crop Year 






1924-25 
1925-26 
1926-27 
1927-28 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 
1941-42 
1942-43 
1943-44 
1944-45 
1945-46 
1946-47 
1947-48 
1948-49T 





Production* 


United States 






















Farm Price 


cents per pound 


United States 
Supply 


Imports* 


(Cuba) 










Florida 





tons 


2,161 
2,739 
3,308 
1,485 
3,920 
4,192 
7,543 
8,517 
7,440 
7,331 
14,111 
9,965 
11,359 
12,928 
22,158 
13,692 
21,334 
25,192 
18,565 
27,618 
16,318 
25,130 
18,650 
24,950 
19,863 
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* Crop reporting year: California, November to October; Florida, July to January; Imports, 
July to June. 
T Preliminary. 


California is presently much the larg- 
est producer and seems likely to remain 
so in the predictable future. The present 
bearing acreage (approximately 14,600) 
is much larger than that of Florida or 
Cuba, the percent of full-bearing acre- 
age not over 25, and the non-bearing 
acreage considerable and steadily on 
the increase. Production has fluctuated 
greatly, and in general yields have been 
low in comparison with other fruits. 
Many good orchards have yielded from 
6,000 to 12,000 pounds per acre, though 
the average is of course lower. 

Much the greater part of the produc- 
tion is marketed by Calavo Growers of 
California, a grower-owned and con- 


trolled marketing agency 
organized in 1924. Mention should also 
be made of a younger and smaller coop- 
erative marketing organization, United 
Avocado Growers, formed in 1938. Gen- 
erally speaking, market development has 
proceeded at a rate sufficiently rapid to 
consume the crops at satisfactory prices; 
thus far in no year has it been impossi- 
ble to sell all the California avocados 
which were legally salable, nor does that 
prospect seem likely to develop. 

The outlook for the industry in Cali- 
fornia appears to be favorable. Nearly 
two-thirds of the production is presently 
consumed within the State, and the local 
markets have expanded rapidly in recent 


cooperative 
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years because of population influx, a 
situation which seems likely to continue 
for some years to come. The industry 
is well organized and in the markets is 
represented by experienced, efficient and 
aggressive cooperative marketing agen- 
cies. Moreover, there is reason for be- 
lieving that the more pronounced and 
distinctive flavor and the range of sizes 
presented by the California production, 
together with an all-year marketing sea- 
son, constitute important competitive 
advantages in the markets of 
United States. 

Costs of establishment and mainte- 
nance of avocado orchards in California 
are higher than elsewhere and are com- 
parable to those of citrus orchards. How- 
ever, because of lower average yields, 


eastern 


avocado production costs are higher. On 
the other hand, the prices received by 
the growers have thus far averaged much 
higher. 

Florida (21, 20). Commercial avo- 
ecado production in Florida occurs in 
three general regions—the Lower East 
Coast (Dade, Palm Beach and Broward 
counties), the Ridge (Highlands and Polk 
counties) and the West Coast (Pinellas, 
Hillsborough, Manatee and Lee coun- 
ties). The East Coast area is much the 
most important with approximately five- 
sixths the total commercial 
(Dade County alone has approximately 
75 percent of the total) and the Ridge 
section is next (Highlands County is 
second in acreage). 

The climate is humid 
(semitropical) with tropical hurricanes, 
winter frost and temporary submergence 
from torrential rains the principal haz- 
ards; the Ridge section is free from the 
latter. The industry is therefore based 
on varieties of the West Indian and 
Guatemalan races and increasingly on 
hybrids between the two. The shipping 
season begins with West Indian varieties 
in late June and extends to late winter 
with Guatemalan varieties; the bulk of 


acreage 


subtropical 
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the crop, however, is marketed during 
the late summer and fall months. 

The Florida industry has suffered se- 
verely from a series of climatic and 
other vicissitudes during the past 25 
vears, but it seems probable that both 
and production will 
While up-to-date acreage and planting 
statistics are not available, it is known 
that considerable planting has occurred 
in recent years. It is estimated that the 
present commercial acreage ranges be- 
tween 5,000 and 6,000, of which approxi- 
mately half consists of non-bearing or 
young bearing trees. A 
part of the new plantings is reported to 
have been made in the Ridge section. 
From the data at hand it appears that 
yields fluctuate widely from year to year 
and that the average is as low as in 
California or lower. 

The bulk of the crop is shipped to the 
larger centers of population in north- 
eastern United States and the north cen- 
tral States. It is marketed by ten or 12 
shippers, no one of which handles more 
than 20 percent of the crop. 

Orchard establishment and mainte- 
nance costs, and likewise costs of pro- 
duction, are considerably lower than in 
California, the former more so than the 
latter. While the weather hazards are 
considerable and the summer competi- 
tion from Cuba admittedly formidable, 
the outlook for the Florida industry 
appears to be reasonably favorable. 

Cuba (10). Although avocados are 
grown in all the provinces of Cuba, the 
production packed for export 
within a radius of 30 to 60 miles from 
Havana. Most of the Cuban crop comes 
from seedling though orchard 
plantings of budded trees are on the in- 
crease. It is estimated that the orchard 
acreage plus the equivalent represented 
by the non-orchard seedlings lies be- 
8.000 and 10.000. It is certain 
the production consumed locally 


acreage increase. 


considerable 


oecurs 


trees, 


tween 


that 
greatly exceeds the exports which go 
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almost entirely to the United States, 
principally through Miami, Key West, 
Tampa, and New Orleans. 

The climate is semi-tropical to tropi- 
eal, and hurricanes and drouth comprise 
the principal hazards of weather, with 
neither ordinarily of great importance in 
the area of export production. The fruit 
produced for export consists entirely of 
West Indian seedlings and varieties, as 
does also that grown for local use, with 
the exception that in recent years limited 
plantings have been made of West In- 
dian-Guatemalan hybrid varieties to 
lengthen the season for local supplies. 
The export shipping season is confined 
to the period June-September when 
Cuban avocados enter the United States 
duty-free. 

While data are not available, it is cer- 
tain that production costs are lower than 
in Florida and that Cuban avocados can 
be landed in some markets in this 
country at lower costs than they can be 
supplied from Florida. It appears prob- 
able, therefore, that exports from Cuba 
will continue to comprise an important 
part of the total United States supply. 


Avocado Culture Elsewhere 


Other Countries Where Orchard In- 
dustries Have Developed. So far as can 
be ascertained, the other countries where 
commercial orchard industries have been 
developed are restricted to Brazil, South 
Africa, Australia, the Hawaiian Islands 
and Argentina. 

While accurate data are not available, 
it is known that during the past several 
decades some hundreds of acres of avo- 
cado trees have been planted in orchard 
form in Brazil, primarily to supply the 
local markets, and the production is re- 
ported to be considerable. As would be 
expected because of the semi-tropical to 
tropical climatie conditions, the plant- 
ings consist largely of West Indian and 
West Indian-Guatemalan hybrid varie- 
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ties obtained from Florida. Most of the 
plantings are reported to have been made 
in the States of Rio de Janeiro and Sao 
Paulo. 

According to the latest information 
available, the commercial orchard acre- 
age in South Africa now approximates 
1,000, located mainly in the eastern and 
northeastern Transvaal and to a lesser 
extent in the western Transvaal and 
eastern Cape Province. It appears that 
the industry is being developed mainly 
with varieties obtained in California, 
though it is reported that there is con- 
siderable production from seedling West 
Indian trees in semi-tropical Natal. 

Commercial avocado culture in Aus- 
tralia appears to be restricted to the 
coastal area extending from southern 
Queensland to southern New South 
Wales. No data are available as to the 
orchard acreage. The varieties grown 
and recommended are primarily of Cali- 
fornia origin, though the semi-tropical 
to tropical climate of Queensland should 
favor the Florida varieties. 

A commercial avocado industry devel- 
oped in the Hawatian Islands some years 
ago, and at one time it was expected 
that profitable export markets might be 
developed on the mainland. This did 
not occur, however, because of the intro- 
duction of the Mediterranean and melon 
fruit flies and the resulting prohibition 
of shipments to the mainland. As a 
consequence the acreage shrank to about 
300, approximately that required to sup- 
ply the local markets. W2?th the recent 
establishment of the oriental fruit fly in 
the Hawaiian Islands it seems doubtful 
that the industry can survive unless 
practicable control measures can be pro- 
vided. 

Because of the great diversity of cli- 
matic conditions, varieties of all the 
races and inter-racial hybrids can be 
grown. Market preferences, however, 
early eliminated the Mexican and Mexi- 
can-Guatemalan hybrid race varieties. 
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The present commercial orchard pro- 
duction consists mainly of Guatemalan- 
West Indian and Guatemalan varieties, 
the former of local origin. There is also 
a considerable production of West In- 
dian race fruits, mainly from seedlings 
in the coffee plantations. 

The limited information available in- 
dicates that there are several hundred 
acres of commercial avocado orchards in 
northern Argentina which resemble those 
of southern Brazil. 

Countries Where Non-Orchard Seed- 
ling Production Is Important. In addi- 
tion to Cuba, in virtually all the coun- 
tries which comprise Middle America, 
the local markets are abundantly sup- 
plied with avocados of non-orchard seed- 
ling origin; indeed, in these countries, 
where it is indigenous or was early intro- 
duced, the avocado comprises one of the 
major food crops. And depending on the 
elevation, and hence climate, of the 
nearby centers of production is_ the 
nature of the fruits found in the markets. 
Thus in the highlands of Mexico and to 
some extent in Central and northern 
South America, the fruit is largely or 
entirely of the small-fruited thin-skinned 
Mexican race, whereas at elevations near 
sea level and generally throughout the 
West Indies it is of the large-fruited 
leather-skinned West Indian race. And 
at in-between elevations, and generally 
in the highlands of Central America, it 
large-fruited thick- 
Guatemalan 


consists of the 
skinned or hard-shelled 
race. 

In recent years orchard plantings have 
been made in some of these countries, 
notably Cuba and Mexico, and more are 
to be expected. It seems unlikely, how- 
ever, that production for export will be 
undertaken in Mexico or Central Amer- 
ica in the foreseeable future because of 
quarantine restrictions which prevent 
entry of the fruit into this country with- 
out extraction of its seed. There may, 
however, be further commercial develop- 
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ment in Cuba because of her favored 
status with respect to import duty, and 
to a limited extent in other parts of the 
West Indies. Moreover, it is to be ex- 
pected that commercial development will 
take place in South America, notably 
Colombia, Peru and Chile. 

Countries Where Horticultural Re- 
search Programs Are Currently Under- 
way. Horticultural research programs 
for the purpose of solving current indus- 
try problems and guiding the direction 
of development of the industries are cur- 
rently underway in the following coun- 
tries: United States (California, Florida, 
Hawaii), Brazil, South Africa and Aus- 
tralia. It is of interest to note that 
horticultural research programs for the 
purpose of determining the commercial 
possibilities for avocado culture are cur- 
rently underway also in French Morocco, 
Algeria, Egypt, Israel, USSR (Georgia) 
and Ceylon. 
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Yaupon. Nunez Cabeza de Vaca, one of 
the early Spanish explorers of North Amer- 
ica, and Rene de Laudonniere, a French 
Huguenot in Florida, left records of having 
seen Indians in the Southern States prepare 
a beverage by first toasting the leaves of a 
native shrub in a pot over a fire and then 
filling the pot with water and letting it boil. 
The shrub later became known as “ yaupon”’ 
and as *, and is a native holly of 
the region, Jlex vomitoria. Fabulous prices, 
in goods exchanged for it, were paid by in- 
land Indians, and by 1700 it was common in 
London gardens of medicinal herbs. The 
custom of preparing and drinking cassena tea 
is still preserved by the coastal natives of 
North Carolina and is on the menus of some 
hotels there. (Dolores Jeffords, Nat. Mag. 


* cassena 


42: 224. 1949). 
Sericea. Successful commercial — enter- 


prises have already been built on the utili- 
zation of agricultural —fibers—high 
quality insulating board from sugar cane 
bagasse, cigarette paper from flax straw, thin 
book and Bible paper from esparto, electrical 
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insulating paper from hemp and caroa, cor- 
rugated paper from wheat straw—and now 
investigations are being conducted at the 
Southern Research Institute, Birmingham, 
Alabama, looking toward the conversion of 
another plant into paper pulp. 

The plant is Lespedeza sericea, “currently 
being used as a soil builder, to prevent 
erosion, to return organic matter to the de- 
pleted soil, as a plant for grazing during the 
early spring and summer, as a hay crop in 
the fall, and as a seed crop in the early 
winter”. There are thousands of acres 
growing this crop in the South for these pur- 
poses, but they all present the problem that 
after seed is removed in the fall, the woody 
stalks, up to 40 inches tall and amounting to 
about 4,000 pounds per acre, do not rot dur- 
ing the winter and therefore must be burned 
in order not to interfere with a succeeding 
crop. It is for the purpose of changing this 
loss into a profitable channel that the Insti- 
tute has been studying various methods of 
converting the stalks into paper pulp. (R.C. 
Sproull and F. Banks, Chemurgic Digest, 
8(12): 7. 1949). 











The Origin and History of Pop Corn’ 


The present author regards pop corn not as a species or 
sub-species but as a mutant of flint corn which probably 
arose on more than one occasion in both pre- and post- 
Columbian times, and was recognized and propagated 
not by aboriginal Indians but by the white man in 
North America as an outgrowth of Indian parching corn. 


A. T. 


Divergent views are held regarding the 
origin of pop corn. Sturtevant (14, 15) 
considered it a distinct species, and by 
him it was designated as Zea everta, flint 
corn as Zea indurata. He classified pop 
corn as an “ agricultural species ”’ 

Zea everta and Z. indurata were re- 
duced to the rank of sub-species as 
coordinate forms of Zea Mays L. by 
Bailey (2). These two botanical varie- 
ties are characterized by him fol- 
lows: ‘‘ Variety everta, Bailey (Z. everta 
Sturt.) Pop corn. Kernels small, usually 
much pointed at base and sometimes at 
apex; containing much hard endosperm 
that explodes when heated; and 
plant small. 

“Variety indurata, Bailey (Z. indurata, 
Sturt.) Flint corn. Yankee corn. Ker- 
nels hard and smooth on top due to the 
corneous wall; ears usually long and 
yellow at ma- 
medium size, 


as 


ear 


slender, mostly brown 
turity; plant mostly of 
often strongly suckering ” 

The difficulty of differentiating 
tween everta and indurata is exemplified 
by the Eight-Rowed Flint, or Spanish 
Pop. This variety is a typical flint corn 
with a longer slender ear on a stalk of 
medium height, and a grain that 
Though inferior to present day varieties 


be- 


pops. 


1Contribution from Iowa Agricultural Ex- 
periment Station; reprinted, with editorial 
changes, from Agronomy Journal 41: 53-56 
1949. 
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of pop corn, it clearly possesses the pop- 
ping character of everta but the morpho- 
logical characters of indurata. Of the 
Kight-Rowed Flint, we shall have more 
to say later in this article. 


What Is Pop Corn? 


Flint varieties of field corn and pop 
corn are characterized by a corneous 
endosperm. What then are the distin- 
guishing characters of the two types? 
Brunson and Bower (4) delineate them 
as follows: ‘‘ All starchy corns may be 
placed in one of the four classes; pop 
corn, flint corn, dent corn and flour corn, 
on the basis of the distribution and rela- 
tive proportions of hard and soft starch 
in the endosperm”. (Italics are mine.) 

The above classifications are quanti- 
tative rather than qualitative. Such a 
basis, though useful in the trade, does 
not afford a delineation for a taxonomic 
classification. Most of the varieties of 
pop corn are dwarf, but here again we 
find dwarf flint corns and tall pop corns. 
The outstanding character of pop corn 
is its tendency to pop. Since this fea- 
ture, as well as certain morphological 
characters such length ear and 
height of stalk, are shared in common, 
they belong to a single group. Taxo- 
nomically considered, we therefore re- 
both as being in the same 


of 


as 


gard them 
botanical variety. 
In the discussion which follows, everta 
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mutation of indurata. 
The reason for holding this point of view 
is presented later in the discussion. 

The taxonomic relationship of the 
various races of maize required further 
study, as evidenced by the views of 
Anderson and Mangelsdorf presented 
herewith under the genetic aspect of pop 
corn. Any effort to piece together a pic- 
ture which reaches back into a period of 
unrecorded history involves considerable 
speculation. Further studies of the races 
of maize by our geneticists will probably 
throw more light upon their origin and 
relationship which may involve addi- 
tional revision of their alleged relation- 
ship. 


is treated as a 


Genetic Concept 


Dr. Edgar Anderson, who has studied 
maize extensively in Central America, 
presents? the following concept of the 
origin of pop corn: 

“The maize of the world into 
three to five poorly defined races or sub- 
races, the extreme forms of which are 
very different. If these extremes were 
wild plants and had no intermediates, 
they would go into different species and 
in some cases, different genera, even if 
we confined ourselves to the kinds of 
technical characters used by systema- 
tists studying wild grasses (central spike 
with whorls of spikelet pairs in 3 vs. 
whorls of spikelet pairs in 2; pubescence 
of sheath; size and male 
glumes; pedicillation of upper spikelet, 
etc.). Each one of these five groups in- 
cludes a pop corn, several of these pop 
corns can be traced back to prehistoric 
time. I therefore conclude that the pop 
corns of the world are not a natural 
group. The only character they all have 
in common is their ability to pop. The 
two most different kinds of maize in all 
of Mexico are the aneient pop corn of 
the Toltees, still grown around Toleca, 
and the ancient maiz reventador of the 


goes 


shape of 


2 Letter to author dated Jan. 17, 1947. 
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west coast. Nor do the pearl pop corns 
form a natural sub-group, since the Lady 
finger is very different from the Tom 
Thumb in everything but ear and kernel 
size, and both of them differ from maiz 
reventador ”’. 

Dr. P. C. Mangelsdorf, a critical stu- 
dent of the maize plant, expresses the 
following concept of the origin of pop 
corn: “I look upon pop corn as having 
two distinet origins. Wild corn must 
have had small hard seeds capable of 
popping and any variety which devel- 
oped directly from wild maize with little 
change in size of seed must still be a pop 
corn ”’ 


Archeological Aspect 


The writer has had the privilege of 
studying the maize collections of the 
leading archeological museums of the 
United States. In none of these institu- 
tions do we find present-day varieties of 
pop corn. However, flint corns do pre- 
dominate in many of them. In many 
instances the specimens have been sub- 
jected to heat and vary from parched to 
a completely carbonized corn. In none 
of the specimens studied did we find evi- 
dence of everted kernels. However, in 
several instances we found typical eight- 
rowed flint very similar to Yankee eight- 
rowed flint corn of the present day from 
which an everting type could have read- 
ily been developed. As to whether the 
specimens referred to this 
character cannot be determined. 

The Ozark Bluff Dwellers collection 
of maize at the University of Arkansas 
represents the most extensive and also 
the greatest variety of pre-Columbian 
material so far recovered in the humid 
region of the United States. Through 
the courtesy of Dr. S. C. Dellinger we 
have been afforded the opportunity of 
inspecting this material. The flint corns 
are mostly of the eight-rowed flint type. 
The material from site contains 
small which are the nearest ap- 


possessed 


one 


ears 
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proach to current types of pop corn 
found in this collection. Again the pop- 
ping character of these specimens cannot 


be determined. 


Did the Indians Grow Pop Corn? 


“There is evidence”, states Hedrick 
(9), “that the Mohawks and Iroquois 
had it (pop corn) in early New York ”. 
Unfortunately he does not present the 
evidence nor cite the authority for this 
statement. 

Waugh (17) [roquois 
pounding popped corn into a meal. How- 
ever, Loskiel (11) deseribes the parch- 
ing of corn by the Iroquois, “ Then they 
pounded it to flour’, which is probably 
the correct statement, since parching 
renders the grain brittle and hence facili- 
tates pounding into a meal, while pop- 
ping renders the grain soft and spongy 
which renders grinding difficult. The fact 
may also be noted that Loskiel’s report 
was written in 1794 which antedates the 
Waugh report by more than a century, 
hence he had a closer contact with their 
primitive customs. 

Parker (12) likewise attributes the 
use of pop corn to the Iroquois Indians, 
as follows: “Corn Pudding. The corn 
was then popped in a metal or clay 
kettle, then pulverized (Italics are mine) 
in a mortar... . The writer has often 
seen the modern Iroquois run their corn, 
popped in a modern popper, through 
a chopping machine”. One wonders 
whether the popping, as well as the pop- 
per, described in Parker’s interesting 
volume, is not modern. At least the 
modern Iroquois wisely uses a “ chopping 
machine ” inasmuch as popping hinders 
rather than expedites the process of 
pulverizing. 

Harrington (8), who reported on corn 
foods of the Senecas, makes no mention 
of pop corn. He also notes significantly, 
“Tt cannot be denied, that the Iroquois 
as a people are rapidly discarding what 
remains of the old life and customs”. 
The difficulty of distinguishing between 


refers to the 
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customs and pre-colonial times and the 
present are obvious. 

“The Omahas (18) say they formerly 
grew pop corn, but have lost the seed”. 

Yeager (20), formerly of the North 
Dakota Experiment Station, states, “ It 
(pop was practically unknown 
among the Indian tribes of this state 
until introduced by the whites ” 

‘Agriculture of the Hidatsas ” by Wil- 
son (19) does not list pop corn. Castetter 
and Bell (6) report that pop corn is a 
recent introduction among the Papagoes 
and has been grown by them only within 
the last 40 years. 

In brief, the evidence presented to 
date seems to indicate that pop corn was 
but little known or used by most North 
American tribes in pre-Columbian times. 

Snow Bird of the Elbow Woods Reser- 
vation tersely sums up the situation in a 
reply to the writer, “Pop corn white 
man corn”. 

The history of pop corn for Central 
America seems to be a different story. 
There it appears to have been grown in 
a limited way for centuries. Histori- 
cally, pop corn appears to have been 
associated with certain religious rites and 
played a prominent role in the form of 
beads, etc., for the fiesta decorations. A 
veteran tribesman at Antigua, Guate- 
mala, explained to the writer that popped 
corn represents the cross of Christ, 
“Cruz de Cristo”, and Loudon (10) 
states that pop corn was regarded as a 
sacred corn by the Titiacas. An unpub- 
lished historie colonial document de- 
scribes in detail the pop corn of Sonora, 
Mexico, states Anderson (1). 


corn) 


Early Literature 


A critical review of the maize litera- 
ture from the beginning of the colonial 
period, 1607 forward, evinces the fact 
that the history of pop corn, as it ap- 
pears in publications, is surprisingly 
recent. Sturtevant explains this fact on 
the basis that the early agricultural 
writers overlooked pop corn. In view of 
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the attention given to corn in the New 
England States during the colonial period 
and later, such an explanation is unac- 
ceptable. 

During the 17th and 18th centuries, 
the north Atlantic coast was scoured for 
new world plants of economic value. 
One of the first was Peter Kalm (1672) 
who was sent on such a mission by Lin- 
neaus. Notable also were the surveys 
made by John Bartram and André 
Michaux. Bartram established a_bo- 
tanical garden near Philadelphia in 1722. 
Karly in the 19th century we have a 
score of New England publications, such 
as Bordley’s Essays on Husbandry 
(1801) and Bernard McMahon’s Ameri- 
ean Gardner’s Calendar (1806). Me- 
Mahon was a Philadelphia seedsman 
and carried on an active correspondence 
for years with Thomas Jefferson, ex- 
changing notes as to new varieties. Like- 
wise, there were the pioneer seed firms 
of Landreth and Thorburn of this same 
period. Suffice it to add that pop corn 
is not mentioned in any of these publi- 
cations until past the first quarter of the 
19th century. 

The first Agricultural Society was 
formed in Philadelphia in 1785. In 1810 
the first agricultural paper, the “ Agri- 
cultural Museum”, appeared, though 
previous to this time agriculture was 
given a prominent place in some of the 
New England newspapers. In 1819 there 
appeared in the New England States a 
trio of agricultural papers, the “ Ameri- 
ean Farmer”, the “Plow Boy” and 
“The New England Farmer ”’. 

Eldredge (7), who carefully searched 
the literature of the Corn Belt for infor- 
mation relative to the early history of 
pop corn, states, “ Our early settlers may 
have known and used pop corn, but a 
careful study of old farm papers and 
seed catalogues and premium lists re- 
veals that they make no mention of pop 
corn until about 1880”. 

The fact that pop corn is conspicu- 
ously absent in the horticultural litera- 


ture for the first 166 years (1672-1838) 
is highly significant. 

Sturtevant (14) listed ten varieties of 
flint corn and eight of dent grown by the 
Indians or of Indian origin but not a 
single variety of pop corn. He also in- 
cludes a list, apparently from Dr. Powell, 
classified ‘‘somewhat conjecturally ” 
which ineludes one variety of pop corn 
attributed to the Cliff Dweller. Earl 
Morris,* an archeologist who explored 
for years in the Southwest, informed the 
writer that he has never recovered an ear 
nor a grain which he took to be pop 
corn. 

Dr. Volney Jones,! who has critically 
studied the maize collections of this area, 
writes, “The archeological evidence of 
the Southwest indicates that small ker- 
neled flint varieties were formerly more 
common and perhaps the first varieties 
grown there. Some of these varieties 
have been said to resemble pop corn, but 
none have been unequivocally called pop 
corn ”’, 

Sturtevant’s notes (15) contain the 
record of some important observations, 
viz., “ Rice white and yellow. 
Probably one of the richest and sweetest, 
it is used principally for popping”. 
Though its major use was for popping, 
it evidently was used also for other pur- 
poses, and, being a flint corn, the other 
use was probably corn meal. He also 
reports (14), “A noticeable feature of 
the rice pops is the tendency to sport”. 
Also in discussing the flint type, he re- 
ports, “I have noticed more sports in 
this species than in others”. (Italics 
are mine.) A break in the type of sport- 
ing is the first step in making selections, 
and Sturtevant recorded these variants 
which may have formed the basis for a 
number of new varieties of pop corn. 

Buel (5) describes 40 varieties of In- 
dian corn and one pop corn, 2.e., white 
Rice. This is the oldest record we have 


corn, 


3 Letter to the writer dated Oct. 5, 1947. 
4 Letter to the writer dated Oct. 6, 1947. 
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discovered so far, and it is interesting to 
note that Rice appears to be the oldest 
variety on record in the United States. 

The New York Agricultural Society, 
formed in 1841, seems to have been the 
first organization in our country to 
realize the economic possibilities of the 
maize plant and the role it was destined 
to play in our agricultural economy. 
Societies were established in each county 
in that State, and a special committee 
was appointed to test new varieties of 
maize and report on them at their an- 
nual meetings. 

In 1848 the Society offered a prize of 
$200 for the best essay on maize or 
Indian corn. J. H. Salisbury (13) was 
the winner. He listed three varieties of 
pop corn, Blue Pop, White Pop and Yel- 
low Pop, which is the first mention of 
pop corn in their reports. 

Tracy (16) listed 54 varieties in 1901. 
By 1945 the one variety named by Buel 
(5) had increased to 115 varieties and 
synonyms, as compiled by Dr. Edgar 
Anderson of the Missouri Botanical 
Garden. It is interesting to note that in 
the list of varieties compiled by Ander- 
son, approximately 6% were introduced 
in the period between 1830 and 1880, 
73% between 1880 and 1910, and 20% 
between 1910 and 1945. The above fig- 
ures are not accurate because the year 
of introduction for several of the varie- 
ties is unknown and the matter of syno- 
nyms is also a factor. The figures, how- 
ever, do suggest that the active period 
of development of varieties began about 


1880. 
The Origin of Pop Corn 


We conceive pop corn to be a mutant 
of flint corn. Flint corn variants proba- 
bly appeared in both the pre- and post- 
Columbian periods. The question then 
arises as to whether it was the Indian 
or the white man who recognized their 
The pre- 
ponderance of evidence, we think, leads 


significance and utilized them. 
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The avail- 


to the latter point of view. 
able history indicates that pop corn was 
used by comparatively few of the tribes. 
The archeological evidence, though in- 
conclusive, also points in the same 
direction. 

Horticultural literature affords the 
most important source of history. The 
omission of pop corn for over a century 
from the literature of the north Atlantic 
region where it is first recorded is sig- 
nificant. 

It is our conception that pop corn is 
a direct outgrowth of parching corn. 
The latter best served the Indian’s way 
of life. From him we inherited parching 
corn. As late as 1860, Bliss (3), a New 
England seedsman, offered parching corn 
at five per ear. Likewise, the 
Massachusetts Horticultural Society 
(established 1828) for a time offered a 
premium for the best ears of parching 


cents 


corn. 

About the time parching corn disap- 
peared from the literature, pop corn 
gained prominence. The Rice type of 
pop corn shows a striking relationship 
to the eight-rowed flint and is probably 
a mutant of it. The origin of the Pearl 
type is a question which we have not 
considered in this discussion. 

The Rice (5) appears to be the old- 
est variety on record. It originated in 
New York in the first third of the 19th 
century. 

In view of the foregoing evidence it is 
here proposed that the complete scien- 
tific nomenclatorial citation for pop corn 
be Zea Mays L. var. indurata (Sturt.) 
Bailey mut. everta (Sturt.) Erwin. 
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Utilization 


Bagasse. Four million tons of bagasse, 
the residue of sugar-cane after extraction of 
the sugar, are produced annually in Louisi- 
ana alone, and the total amount in all sugar- 
producing areas of the world is enormous. 
Only about a quarter million tons are used 
for making wallboard, and otherwise there 
has not been any use for the residue except 
as fuel in sugar mills. Therefore particular 
importance has been attached to the first use 
of bagasse news-paper this year in a special 
eight-page edition of the Holyoke Tran- 
script-Telegram and a regular edition of the 
weekly Washington Star. This achievement 
is the result of ten years of research by E. R. 
Timlowski, technical director of the Kinsley 
Chemical Company of Cleveland, Ohio. It 
holds promise not only of decreased drain 
upon forests for wood pulp but also of a 
source of pulp for those areas of the world 
where wood is not available for that purpose. 
(Chemurgic Digest 9(3): 9. 1950). 


Kenaf. This fiber plant (Hibiscus can- 
nabinus), extensively reviewed in Economic 
Botany 1: 334-350. 1947, is one of the 
newest crop plants introduced into the west- 
ern hemisphere where it was first privately 
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grown in El Salvador and then promoted in 
1941 by the Board of Economie Warfare of 
the United States Government. It may prove 
to be a valuable and effective substitute for 
jute (Corchorus capsularis), almost the en- 
tire world supply of which has long been 
imported from India and from what is now 
Pakistan, and “ which has long been a lead- 
ing source of soft fibers for manufacturing 
rugs, carpets, twine, burlap, bags, electric 
cable covers, and many other important 
products”. This source of supply is now 
diminishing, since India and Pakistan are 
devoting more and more of their land to 
food-producing crops, and fell from about 
9% million 400-pound bales in pre-war years 
to 74% million in 1949. 

To meet this decreasing supply of fiber 
material, production of kenaf has been pro- 
moted in Cuba, and in 1949 it was experi- 
mentally grown in Florida, Texas, Indiana, 
New Jersey and perhaps other areas of the 
United States. In New Jersey a total yield, 
including root growth, of about 30 tons of 
green material was produced per acre in 
about 125 days. (G. H. Ahlgren and A. 
Dotzenko, Jour. N. Y. Bot. Garden 51: 77. 
1950). 
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Vegetable Oils in Venezuela. In May, 
1947, the Venezuelan Government requested 
the Food and Agriculture Organization of 
the United Nations to send a mission to 
Venezuela for the purpose of investigating 
and reporting upon the edible oil resources 
of that country. A mission of three special- 
ists was accordingly selected, namely, Dr. 
K. S. Markley, Head of the Oil, Fat and 
Protein Division, Southern Regional Re- 
search Laboratory, New Orleans; Dr. D. W. 
Jenkins, Specialist in Insect and Plant Ecol- 
ogy, U. S. Army Chemical Center, Edge- 
wood, Md.; and C. E. Claassen, Research 
Agronomist, University of Nebraska. The 
cooperation of numerous others, in both the 
United States and Venezuela, was of course 
involved in carrying out the objectives of 
the Mission which were to study the wild 
oil-bearing plants of Venezuela with a view 
of their industrial utilization, to 
recommend cultivation of the best suited of 
these oil-bearing plants and to make recom- 
mendations for improving existing factory 
methods of handling these plants. The in- 
vestigation was carried out during 1948; 
and the findings and recommendations of the 
Mission are contained in the “ Report of the 
FAO Oilseed Mission for Venezuela ”’, 
lished in March, 1949. 

Among the recommendations are (a) that 
increased plantings of the coconut palm be 
made in suitable coastal and inland areas, 
(6) that the African oil palm be planted on 
a large scale, (c) that experimental plantings 
of the American oil palm be started immedi- 
ately, (d) that no commercial 
exploitation of wild oil palms be now at- 
tempted, (e) that sesame production be ex- 
panded immediately, and (f) that experi- 
mental work be pursued with sunflowers, 
groundnuts (peanuts), soybeans, castor, flax, 
safflower, perilla and chia. All these recom- 
mendations were made for the purpose of 
increasing the domestic supply of edible fats 
and oils in a country where at present there 
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is a serious shortage in these essential foods. 


Economie and other non-botanical infor- 


mation occupies a large part of this very 


readable and interesting report, and the 
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botanical data may be summarized and ex- 
cerpted as follows: 


CULTIVATED PALMS 
COCONUT PALM (Cocos nucifera). Ex- 
tensively cultivated in many coastal areas, 
copra being processed in various mills of the 
country and in many cases constituting the 
main source of oil. The survey estimated 
14% million coconut palms on 15,600 acres, 
capable of annually producing over 9314 mil- 
lion coconuts and 

nut oil. 
AFRICAN OIL PALM 
“The African oil palm has been grown 
successfully in several parts of the world, but 
its development as an American oil crop is 
in the experimental stage. The annual yield 
of oil per hectare of this palm is higher than 
that of any other cultivated edible oil crop. 
Cultivation of this palm on a large scale in 
the Western Hemisphere offers considerable 
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promise in helping to meet the oil require- 
ments of an expanding world population and 
of preventing future recurrences of the pres- 
ent oil shortage. 

“The African oil palm has been used by 
the people of West Africa for several cen- 
turies. About 1842, palm oil attracted out- 
side attention and became increasingly im- 
portant as an export commodity. About 
1910, plantation methods were applied to the 
vast forests of wild oil palms in West Africa. 
A few thousand hectares were planted during 
this early period, and by 1945 about 110,000 
hectares of cultivated stands were reported 
in the Belgian Congo. This area exported 
to the United States 15,910 metric tons of 
palm oil in 1946, 24,000 metrie tons in 1947, 
and the 1948 export is expected to equal the 
1947 figure. During the period 1936-39, the 
average annual production of palm oil in 
West Africa was 240,910 metric 
which about 20 percent was exported to the 
United States. 

“The African oil palm was introduced into 
the Dutch East Indies in 1848. In 1910 
plantations were started in Sumatra, and by 
1914 about 2,600 hectares had been planted. 
By 1982 62,000 had been 
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planted, of which 38,350 hectares in produc- 
tion yielded 85,000 metric tons of palm oil. 
The average annual production for the 
period 1936-39 was 193,200 metric tons, of 
which 60 percent was exported to the United 
States. Plantations were started in British 
Malaya in 1918 and by 1932 covered about 
24,410 hectares. 

“The average annual world production of 
palm oil for the period 1934-38 was 745,000 
metric tons, of which 445,000 metric tons was 
exported. The United States imported 186,- 
820 metric tons of palm oil valued at $23,- 
000,000 in 1937, 140,000 metric tons in 1941, 
an annual average of 28,182 metric tons dur- 
ing 1942-46, and 26,000 metric tons in 1947. 
While the importation of palm oil from the 
Belgian Congo has increased recently, the 
East Indies, which is the main source, has 
not come back into full production. The 
Japanese, during their occupation of Su- 
matra, destroyed the main processing facili- 
ties and the plantations were neglected for 
about six years. 

“The African oil palm appears to be well 
adapted to the Western Hemisphere. It has 
been planted, at least experimentally, in 
nearly all of the countries of Central Amer- 
ica. The United Fruit Company has had 
experimental plantings under study for about 
20 years and has initiated a planting pro- 
gram on 2,700 hectares of old banana lands 
near Parrita on the Pacific coast of Costa 
Rica. Plantings have also been made in 
Honduras near Tela. In Guatemala, a plan- 
tation of 10,000 ten-year-old palms is in pro- 
duction near Escuintla. In other areas along 
the Pacifie coast experimental plantings have 
been made near San José, La Democracia, 
and San Antonio Suchitepéquez, where trees 
have come into production. 

“The African oil palm grows well in the 
West Indies, and is quite abundant in Haiti, 
where it is an important native subsistence 
It is said to have been introduced into 
Jamaica from Afriea 1688. It was 
first scientifically described by Jaequin in 
1763 from specimens introduced into Marti- 
nique. It also grows well in Trinidad and 
Puerto Rico. 

‘In South America, the African oil palm 
has been introduced into Brazil, Venezuela, 
sritish Guiana, and Peru. It was 
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planted in Brazil several centuries ago and is 
found in Bahia and Amazonas. A United 
States Vegetable Oil Mission, studying the 
fat and oil situation in Brazil in 1941, found 
that several Brazilian states were suitable for 
production of this palm on a_ plantation 
basis. The plant, known in Brazil as dendé, 
is widely distributed in the state of Bahia, 
which has an estimated 1,500,000 trees; 300,- 
000 of these grow on Itaparico Island. On 
the basis of yields from Africa and the East 
Indies, if all the trees were producing, they 
would yield about 22,700 metric tons of pulp 
oil and nearly 600 metric tons of kernel oil 
annually. 

“The FAO Mission visited the plantation 
of the Venezuelan Banana Company (C. A. 
Bananera Venezolana) in the state of Cara- 
bobo, Venezuela. About 100,000 palms are 
being planted on an irrigated banana plan- 
tation where bananas have suffered severe 
damage from sigatoka disease. About 25,000 
seedling oil palms have been transplanted 
and are growing well. The oldest trees (444 
years) are producing fruit. 

“In Peru at the Central Colonization Set- 
tlement (Estacion Central de Colonizacién), 
colonists have planted African oil palms in 
the vicinity of Tingo Maria and a program 
of selection and cultivation is being carried 
on. The varieties known as Sumatra, Java, 
Diwakkawakka, and Deli, received from 
Honduras, are being tested along with 
Macrocarya from Iquitos, which was planted 
in 1932. This variety was brought from the 
Island of Fernando Po, West Africa, but it 
originated in the Congo. A few 
plantations of older palms are also found in 
Peru ”’. 

Propagation is by 
cultivation requires proper climatic and 
edaphie conditions. The palm is quite vari- 
able, and by selection and breeding it has 
been possible to obtain high-yielding strains. 

“The African oil palm has a full crown of 
pinnate leaves, and the compact spiny fruit 
bunches are wedged at the bases of leaves. 
The trees normally bear two to six bunches 
of fruit a year, but as many as ten bunches 
have been observed. The bunches, including 
the central stem and branches, have an aver- 
age weight of 4.5 to 16 kilograms, but may 
10 kilograms. The bunch 
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may contain from 1,000 to 2,000 individual 
fruits constituting 60 to 65 percent of the 
total weight. 

“ The fruit is 2.5 to 5 centimeters in length 
and from 2 to 2.5 centimeters in diameter, 
yellow to orange or shining black in color 
when mature, depending on the variety, and 
weighs from 3 to 25 grams, averaging about 
6 to 8 grams. Palm oil is derived from the 
fleshy pericarp or pulp, which is 48 to 75 
percent of the fruit. The kernel is 8 to 25 
percent of the total weight of the fruit. The 
oil content of the pericarp ranges from 30 to 
80 percent, and of the kernel 44 to 53 per- 
cent. 

“Palm oil is principally used for making 
soap, and to a lesser extent in the manufac- 
ture of margarine, shortenings, candles, lubri- 
cating greases, and in the cold-reduction 
process of making sheet steel. An important 
use in the United States and England is in 
the manufacture of tinplate and terneplate. 
The United States uses about 20,000 metric 
tons a year for tinplating. 

“Palm oil contains a large amount of caro- 
tene, a precursor of vitamin A. 

“ Palm-kernel oil is used for many of the 
same purposes as coconut oil, such as the 
manufacture of soap, shortening, margarine, 
etc. Palm-kernel cake is a good livestock 
feed. The press cake or extracted meal con- 
tains 16 to 19 percent protein, 38 to 48 per- 
cent carbohydrates, and 2 to 10 percent 
residual oil, depending on the method of 
processing ”’. 

AMERICAN OIL PALM 
ifera). “The American oil palm could be- 
come an important source of oil if it were 
cultivated in plantations and if the yields of 
fruit and oil could be made comparable with 
those of the African oil palm. These two 
palms are similar in many respects. Both 
produce pulp oil and kernel oil. The pulp 
oil of the American species is also rich in 
pro-vitamin A. The American palm does not 
grow as tall as the African species, which 
makes harvesting simpler and less costly. 
Corozo oleifera palms have the added ad- 
vantage that they grow in wet, swampy land, 
even under conditions of seasonal drought 
without irrigation. This opens up the possi- 
bility of using different types of land for 
palm cultivation. 
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“The American oil palm has long been 
mistakenly identified as Elaeis melanococca 
which is a form of the African oil palm. 
Although in different genera, the American 
and African oil palms are closely related ”. 

The American species has been found 
along the coasts and river valleys of Mex- 
ico, Nicaragua, Panama, Colombia and Bra- 
zil, and may be present in Venezuela but was 
not observed there by the Mission. 

“The usual habitat of this palm is in val- 
leys, along the seacoast, and swampy areas, 
sometimes in standing water. It is rarely 
found on exposed dry land or in well-drained 
areas, but rather in shady forests or in open 
cleared areas near water. It is occasionally 
abundant and dense in wet forested areas, 
where it forms a part of the secondary or 
intermediate forest layer. While the palms 
are most common along low coastal areas, 
they are also found at higher elevations along 
streams. 

“The American oil palm is readily recog- 
nized. The most outstanding characteristic 
is its short, thick, frequently prostrate trunk. 
The palm is not tall, and the heavy clusters 
of fruit can be reached from the ground. 
The leaves are pinnate and erect. The fruits 
are red-orange in color, from 2.5 to 3 centi- 
meters in length, oblong in shape, pointed, 
and with the surface marked by fine longi- 
tudinal striations. The fruit cupules are 5 to 
10 millimeters long and remain attached to 
the fruit. Under the outer husk is a yellow- 
ish pulp containing palm oil. The hard 
black inner shell is about 1.5 centimeters in 
length and has three pores or openings at 
the top. The kernel is small and_ short- 
oblong. 

“The American oil palm is known in local 
areas by the following names: Mexico (Ja- 
lisco), coquito de aceite; Costa Rica, coquito, 
palmiche ; Panama, corozo colorado, corocito 
colorado, corocito negro, Colombia, corozo, 
noli, voli, yoli, corozo manteca, corozo del 
Sint, corocito, corozo anta; Nicaragua, hone: 
Central America, Brazil, cayatie, 
caiaie, caiahua, dende do Para, de nde zeiro 
do Para. 

“Its potential yield cannot be estimated 
because its distribution and range are not 
In Mexico, it grows in 
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Jalisco southward. No estimate has been 
made of probable production. The palm 
fruit is used locally by the Indians’ 

The oil is not produced on a commercial 
scale, but the “ palm furnishes a very impor- 
tant part of the diet of the inhabitants, espe- 
cially in Panama, where a large percentage 
of the fruit is used locally as a source of 
cooking and edible oil. Several species of 
wild animals eat the fruit, especially the oily 
outer cortex. In Nicaragua, the pulp is used 
for poultry and hog feed and the kernel is 
used as a source of cooking oil. In many 
parts of Colombia the pulp oil is used as a 
substitute for butter and the kernel oil for 
cooking, for soap, and as a luminant ” 

One Brazilian specimen was found to con- 
tain 47 percent of its orange-colored, semi- 
liquid pulp oil, which has an odor and taste 
similar to those of African palm oil and can 
be used for the same purposes. Both the 
kernel and pulp oils are used extensively by 
local residents for cooking, and are said to 
provide them with their principal and possi- 
bly only source of pro-vitamin A. 


WILD PALMS 


“The wild oil-bearing palms of Venezuela 
are usually tall trees having relatively large 
fruit with thick, hard nut shells and one or 
more kernels containing a coconut- or laurie 
acid-type oil. They abound in_ localized 
areas and are potentially important as a 
source of edible and industrial oils. All of 
the exploitable species investigated by the 
Mission belong to the genus Scheelea. 

“The identification of species of the genera 
Scheelea, Attalea, and Orbignya is very diffi- 
cult. Male flowers are necessary to deter- 
mine the genus; and fruits, flowers, and 
leaves are usually required for specific identi- 
fication. In Scheelea, the anthers of the six 
stamens are straight, in contrast to those of 
Orbignya, which are spirally twisted or 
coiled. The three petals of the male flowers 
of Scheelea are distinctive in being fleshy 
and club-shaped and much longer than the 
stamens ”’. 

COROBA (Scheelea macrolepis). The co- 
roba palm is found in dense pure stands 
along the Orinoco River and its tributaries. 
Utilization of the oil is still confined to native 
consumption. “ Although the process of pro- 
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ducing coroba-kernel oil is carried out in the 
household by primitive methods, it differs 
very little in principle from that followed in 
a modern oilmill. The fruit is cut from the 
palm with a machete, knocked down with a 
pole, or picked from the ground. The outer 
pulp is eaten raw, boiled, or fried, or is fed 
to pigs. The fruit is dried in the sun for 
about two weeks, after which the shell is 
cracked between two stones. The separated 
kernels are cracked or broken in a_pilon 
(cracking roll) made of wood and not unlike 
a large mortar and pestle. The broken ker- 
nels are heated in an iron bowl-shaped vessel 
(cooker) over a charcoal fire, being stirred 
to prevent burning. They are then pressed 
through a household food-chopper which 
further grinds the kernels and starts the oil 
to flow (expeller press). The oily meal is 
transferred to another iron vessel where it is 
heated with water, also over a charcoal fire, 
until the oil separates and rises to the sur- 
face. The fresh oil is separated from the 
water and used for culinary purposes without 
further purification ”. 

The common name, “ coroba”, has been 
misapplied to Jessenia bataua, which is 
known as “ seje”’. 

YAGUA or PALMA YAGUA (Scheelea 
humboldtiana Spruce). Found in the upper 
Orinoco Valley and its tributaries. Certain 
natives reported that they do not use yagua 
for food or oil because of its bad flavor. 

COROZO, YAGUA, PALMA DE VINO 
(Scheelea excelsa Karst. ?). COROBA 
(Scheelea macrocarpa (Karst.). Large stands 
of these two species, the first of doubtful 
identity, were also observed and_ studied. 
The pulp and kernel in the fruit of both are 
sources of oil. 

SEJE (Jessenia bataua (Mart.) Burret). 
The common name, “ coroba”, applied to 
this species is a misnomer, belonging prop- 
erly to Scheelea macrolepis. “Seje palm 
fruit contains both pulp and kernel oil, but 
the quantity of kernel oil is too small for 
consideration. . . . The yellowish-green pulp 
oil is said to be similar to olive oil and to be 
an excellent edible and cooking oil ”’, contain- 
ing oleic, linoleic, palmitic, stearic and tria- 
contanoie acids. Among its many names are 
“ segen ’’, “bataua ”, 


‘seje”, “pataua”, 
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PALMA DE LECHE (Jessenia re panda). 
Less important than seje. Local residents 
use the fruit for food. 

CUCURITO, COCORITO ( Mazimiliana 
caribaea, M. regia, M. elegans and M. macro- 
petala). All produce both kernel and pulp 
oils which are not used locally for edible 
purposes because they quickly spoil and be- 
come rancid. 

COROZO (Acrocomia lasiospatha and A. 
sclerocarpa). 

TEMICHE (Manicaria saccifera). “The 
fruit is eaten by animals in the delta region; 
the water inside the fruit is drunk by local 
people, but it is diuretic ”. 

MACANILLA, TUCUM, CUMARE (As- 


trocaryum jauari, A. tucuma and A. vulgare). 


Lemongrass Oil. This oil, annually con- 
sumed in the United States to the extent of 
about half a million pounds, is in demand 
mainly because it is the best source of citral. 
Citral occurs in many other essential oils but 
not greater than 35%, whereas in lemongrass 
oil it makes up 70% to 80%. Citral is used 
directly in lemon and other flavoring com- 
pounds, in the incorporation of lemon and 
verbena scents in perfume compounds, in 
cologne odors and in perfumes for colored 
soaps, While lemongrass oil itself is utilized 
to some extent as such in soap to obtain the 
citral odor. In addition citral finds great 
use as the raw material for the preparation 
of ionones, the aromatic substances which 
are obtain the fruit or 
woody type and to impart a raspberry note 
to flavors. 
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3eta-ionone, one of the group of ionones 
obtained from citral, has recently risen to 
prominence as one of the starting materials 
necessary in the synthesis of vitamin A. 
Synthesis of this vitamin—which formerly 
was obtained wholly from fish liver oils—is 
now being developed in an intensive manner 
by one of the leading pharmaceutical manu- 
facturers. A large plant for the synthesis is 
being built, and the vitamin is now being 
synthesized in a somewhat curtailed manner 
by this manufacturer and also by another 
manufacturer. A third manufacturer has 
dropped out of the picture because costs for 
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producing vitamin A are too high in com- 
parison with the cost of obtaining the vita- 
min from fish liver oils ”’. 

“There are several places throughout the 
world in which lemongrass is grown and ex- 
ported to this country. The country which 
is perhaps the oldest and largest shipper of 
lemongrass oil is India. The Belgian Congo, 
British East Africa, and Madagascar have 
also long been shippers of lemongrass oil. 
However, very large quantities of lemongrass 
oil now come from our own hemisphere with 
Guatemala as the principal shipper, followed 
in 1948 by Haiti, Brazil and Salvador, in 
that order, with small amounts coming 
from the Dominican Republic, Mexico and 
Honduras ” 

Imports of the oil into the United States 
have varied greatly in recent years from 
380,000 pounds in 1940 to 144 million pounds 
in 1945; for the first nine months of 1949 
they total about 350,006 pounds. Imports 


from India have fallen from a high of more 
than a million pounds in 1945 to a ten-year 
low of 206,000 pounds in 1948, but rose to 
about 248,000 pounds the first half of 1949. 

“ While India was long the principal source 


of lemongrass oil, since 1940 Guatemala has 
become an important secondary source, being 
responsible for between 116,000 and 190,000 
pounds per year during this period. In 1948 
Guatemala sent us 142,333 pounds, and the 
high mark was 190,542 pounds in 1943. 
During the first six months of this year 
[1949], Guatemala sent us 56,345 pounds. 
In Guatemala there are now said to be sixty- 
two growers of lemongrass for oil distillation. 
These producers are of various sizes, one of 
them operating a paper mill and using the 
lemongrass in the paper producing 
process. These sixty-two producers sell the 
oil as a unit through the Officina Controla- 
dora de Aceites Esenciales, an organization 
composed of all producers in Guatemala of 
lemongrass and citronella oils”. 

Prices for lemongrass oil have fluctuated 
from less than one dollar to nearly three dol- 
lars in recent years, a situation which, along 
with curtailed supplies, is of considerable 
concern to the users of the oil. (Anon., 
Drug & Cosmetic Ind. 65: 640. 1949). 
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